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(57) Abstract: The present invention 
40 relates to the identification of CI-MPR 

as the receptor responsible for binding 
and internalization of grB into cells. In 
addition, the present invention relates 
gQI I Q antl~"~Ui""~Mh , K to the binding and/or internalization of 

^ grB by CI-MPR as an event necessary to 

enable grB-mediated apoptosis in cells. 
The present invention further identifies 
the binding and/or internalization of grB 
through CI-MPR as a target which is used 
by cancer cells to evade the grB-mediated 
<D gQ : £ « p £ apoptosis and clearing by the immune 

A H PI kl Kfcil system. The present invention further 

HJ 'J3 provides assays to identify modulators 

1^ Si * *J of & B bindin S to a MPR and/or 

internalization of grB thereby. In addition, 
Q- the invention provides methods to correct 

jfPUl a disease or condition associated with a 

6 * defect in grB binding to CI-MPR and/or 

internalization of grB thereby, which comprises an administration of an effective amount of a modulator of grB-CI-MPR interaction. 
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TITLE OF THE INVENTION 

METHOD FOR MODULATING GRANZYME B UPTAKE 
AND FOR IDENTIFYING MODULATORS THEREOF 

5 FIELD OF THE INVENTION 

The present invention relates to the binding of granzyme 
B (grB) to the membrane of cells, to the internalization of grB thereinto, 
and its effect on cellular processes. More specifically, the present 
invention relates to a method for modulating granzyme B uptake and for 
10 identifying modulators thereof. In particular, the present invention relates 
to a modulation of apoptosis and proliferation by a modulation of grB 
uptake by cells. 

BACKGROUND OF THE INVENTION 

1 5 Two mechanisms have been proposed for the induction 

of apoptosis in virus-infected and tumor cells by CTLs (reviewed by 
Shresta et al., 1998). Cytotoxic T lymphocytes (CTLs) are effector cells of 
the human immune system that have lytic capability and are critical in the 
recognition and elimination of virus-infected and tumor cells (Atkinson et 

20 al., 1995). CTLs kill target cells by inducing them to die by apoptosis, an 
induced and ordered process in which the cell actively participates in 
bringing about its own demise. Cells undergoing apoptosis exhibit 
distinctive morphological and biochemical changes (Berke, 1995). These 
changes include a pronounced decease in cell volume, disruption of 

25 mitochondrial transmembrane potential and the release of cytochrome c, 
phosphatidylserine externalization from the inner to outer leaflet of the 
plasma membrane and DNA fragmentation. Following these events, an 
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apoptotic cell sheds tiny membrane-bound apoptotic bodies, which are 
quickly phagocytosed by macrophages. 

The first involves interaction of the membrane-bound Fas 
ligand on CTLs with the Fas receptor on the surface of target cells. 
5 Engagement of the Fas receptor results in activation of caspase 8 which 
is then capable of activating downstream effector caspases, either by 
direct proteolytic cleavage or indirectly through activation of Bid and 
release of mitochondrial cytochrome c (Honglin et al., 1998). These 
caspases are in turn responsible for the inactivation of a variety of cellular 

10 proteins leading to eventual cell death. 

The latter involves the introduction of granzymes, 
members of the serine proteinase family, into target cells by granule- 
mediated exocytosis of cytolytic molecules. When antigen-specific CTLs 
associate with appropriate target cells, the two cell types interact and 

1 5 undergo conjugate formation. 

The granule-exocytosis model has evolved since its 
original enunciation by Henkart (Henkart, 1985). Initially one of the granule 
proteins, perforin, was thought to be the major effector of CTL-induced 
death. However, it then became apparent that target cells were dying 

20 through an apoptotic mechanism that involved damage of DNA (Duke et 
aL, 1989). The factor responsible was purified and identified (Shi et aL, 
1992a, 1992b) as a known cytotoxic cell protease (CCP1) (Lobe et aL, 
1986), now referred to as granzyme B (grB) (Masson and Tschopp, 1987). 
In a complementary approach, it was shown that cells were endowed with 

25 the ability to induce membrane damage and DNA fragmentation when 
they were transfected to express grB and perforin (Nakajima et al. t 1995). 
Finally, a role for grB in the DNA damage pathway was firmly established 
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with experiments using CTL from grB-deficient mice (Heusel et aL, 1994; 
Shresta et al.. 1995). 

In the revised model of killing, it was envisaged that 
perforin polymerized in response to calcium and inserted into the target 
5 cell membrane to create a channel through which granzyme could pass. 
Once the proteinase is inside the target cell cytoplasm the apoptotic 
program is initiated through the activation of caspases, the cysteine 
proteases responsible for execution of the cell death pathway (reviewed 
in Wolf and Green, 1999). Initially it was shown in vitro that caspase 3 was 

10 a substrate for grB (Darmon et aL, 1995; Martin et aL, 1996) and now 
similar results have been observed for a large number of the caspases 
(Darmon and Bleackley, 1998). Of note, caspases 8 and 3 have been 
shown to be direct substrates for grB in intact cells (Atkinson et al., 1998). 

The perforin channel model has been widely accepted, 

15 although there is very little experimental evidence to prove polyperforin 
can transport a macromolecule of -30 kDa such as grB (Browne et aL, 
1999). Replication-deficient adenovirus (AD) can substitute for perforin 
and was reported to facilitate uptake of grB and induce apoptosis (Froelich 
et aL, 1996). Subsequent studies indicated that grB uptake occurs 

20 independently of AD (Shi et aL, 1997; Pinkoski et aL, 1998). Cells with 
internalized grB showed no morphological signs or biochemical markers 
of apoptosis until they were subsequently treated with perforin or AD. We 
hypothesized that grB was taken up by receptor-mediated endocytosis 
and required perforin or AD to mediate its release into the cytoplasm and 

25 hence gain access to critical substrates such as the caspases. 

A fundamental prediction from such a hypothesis is the 
existence of a cell surface receptor that can bind and internalize grB. 
There thus remains a need to identify this receptor in order to validate the 
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receptor-mediated endocytosis of grB hypothesis and to disprove the 
widely accepted model by which grB is predominantly internalized by a 
perforin-dependent mechanism. 

In addition, there remains a need to demonstrate the 
5 importance of grB uptake in apoptosis mediated by granule-purified grB 
or by CTL. 

Once identified, the level of expression of the receptor 
responsible for grB internalization on cells might be correctable with a 
resistance or sensitivity thereof to the immune system. There thus also 
10 remains a need to assess whether the level of expression (and/or 
functionality) of the receptor responsible for grB internalization in cells 
plays a role in their resistance/sensitivity to host defenses. 

There also remains a need to provide the means of 
correcting a disease or condition in a cell or animal associated with a 
15 disturbance of the binding pathway, comprising grB internalization and 
biological activity within the cell. 

There also remains a need to provide a diagnosis or 
prognosis of a disease based on a defect in grB internalization. 

The present invention seeks to meet these and other 

20 needs. 

The present description refers to a number of 
documents, the content of which is herein incorporated by reference in 
their entirety. 

SUMMARY OF THE INVENTION 

25 In an alternate scheme to the widely accepted perforin- 

dependent internalization of grB, the present invention discloses the 
existence of a cell surface receptor, the cation-independent mannose-6- 
phosphate/ insulin-like growth factor 2 receptor (CI-MPR) that binds and 
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internalizes grB in a perforin-independent manner Of note, as it will be 
demonstrated below, expression of this receptor was necessary for the 
efficient apoptosis of target cells by granule-purified grB and CTL in vitro. 

We hypothesized that some cancer cells, such as breast 
5 cancer cells, may have acquired the ability to evade the effects of grB as 
a result of a perturbation in the grB-CI-MPR interaction and/or 
endocytosis. This would play a critical role in the escape of tumor cells 
from host defenses. We examined MPR expression, grB binding and grB- 
mediated apoptosis in four breast cancer cell lines (T47-D, MDA-MB-231 , 

10 SK-BR-3 and MCF-7) in order to determine if there was a correlation 
between MPR expression and grB-mediated killing. As will be 
demonstrated below, the instant invention demonstrates that all cancer 
cell lines tested have evolved the means to evade granule purified grB- 
mediated apoptosis. 

15 The present invention therefore concerns the 

identification of the receptor responsible for the binding and internalization 
of grB in cells. The present invention demonstrates that the major pathway 
for grB internalization in cells is through its binding and internalization with 
CI-MPR. An internalization of grB in a perforin-dependent fashion, while 

20 not the major pathway, might still occur in certain cell lines or under 
particular conditions, however. 

The present invention further relates to the 
demonstration that there is a direct correlation between binding and 
uptake of grB by cells and the triggering of apoptosis thereinto. Thus, the 

25 present invention enables methods to modulate grB-mediated apoptosis 
in cells, comprising a modulation of the binding of grB to the receptor 
and/or an internalization of grB in cells. In one particular embodiment, the 
present invention exemplifies significant prevention of the binding and/or 
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uptake of grB to its MPR receptor, comprising a ^phosphorylation of grB f 
a co-incubation of the MPR receptor with a ligand thereof (e.g. M6P or 
M6P-containing molecule), or co-incubation with soluble CI-MPR). In a 
particular embodiment of the present invention, such inhibition of grB 
5 binding and/or uptake by a cell significantly inhibits the grB-mediated 
apoptosis pathway thereinto. 

The invention in addition relates to a method to induce 
apoptosis in a target cell comprising increasing the CI-MPR mediated 
uptake of grB in said target cell. In one embodiment, the method involves 

10 increase in the expression of CI-MPR and/or increase in the 
externalization of CI-MPR to the cell surface in the target cells. In another 
embodiment, the method of inducing apoptosis in a target cell involves the 
incubation of an apoptosis-inducing amount of grB with a target cell which 
expresses the CI-MPR receptor or analog or derivative thereof which 

15 enables binding and uptake of the grB in the target cell, thereby triggering 
the induction of apoptosis thereinto. 

In addition, the invention relates to a method of 
modulating the clearance of transplanted allogeneic cells in an animal 
comprising the modulation of the grB binding and uptake in the 

20 transplanted allogeneic cells, wherein a significant binding and uptake of 
grB by the transplanted allogeneic cell is associated with a rejection 
thereof, while a reduction or absence of binding and internalization of grB 
is associated with an increased survival of the transplanted cells. 

The Applicant was the first to identify the MPR and more 

25 , particularly the CI-MPR receptor as the receptor responsible for binding 
and internalization of grB in cells. The Applicant was also the first to 
demonstrate the importance of receptor expression for binding and of 
capture of grB and for its associated effect on apoptosis as well as the 
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critical importance of MPR expression for cell death. In addition, the 
Applicant was the first to demonstrate that in the absence of grB receptor, 
the allogeneic cells survived while grB receptor expressing allogeneic cells 
were rejected in in vivo experiments. 
5 In view of the reported importance of grA for graft- 

versus-host disease after bone marrow transplantation, and the survival 
of CI-MPR cells, the present invention suggests for the first time that CI- 
MPR is the receptor responsible for uptake of both grA and grB. 

Before the present invention, a receptor for 
10 internalization of grB had not been identified. In addition and 
consequently, prior to the present invention, the level and/or functionality 
of this receptor on cell physiology and more particularly on the triggering 
of the apoptotic pathway or on evading the immune system had yet to be 
disclosed. 

15 In view of the intricate regulation that operates at CI- 

MPR (e.g. it acts as a receptor for grB, grA, IGF-II, TGFp CD26, retinoic 
acid and some viruses), and the fact that it mediates lyposomal targeting 
of a heterogeneous population of over 40 soluble acid hydrolases which 
differ in N-linked oligosaccharides, phosphorylation state, position of M6P 

20 moiety and size (Marron-Terada et al. 1988, J. Biol. Chem. 273:22358- 
22366), the present invention provides the mean to dissect the structure 
function relationship of CI-MPR and to elucidate how the regulation of 
binding and internalization of these different substrates impact the 
internalization of grB and hence the cell physiology. 

25 The present invention also provides a screening method 

for identifying compounds capable of enhancing or inhibiting at least one 
of a) an interaction between grB and the MPR receptor; b) grB-mediated 
apoptosis; and c) CTL-dependent killing of cells, which involves contacting 
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cells which express MPR (e.g. CD-MPR and/or CI-MPR, preferably the 
latter) with a candidate compound, assaying a biological activity, and 
comparing the biological activity to a standard biological activity, the 
standard being assayed when contact is made in the absence of the 
5 candidate compound; whereby an increased biological activity over the 
standard indicates that the compound is an agonist and a decreased 
biological activity over the standard indicates that the compound is an 
antagonist. 

Additional aspects of the invention relate to methods for 

10 treating an animal and more particularly a human in need of either an 
increased or decreased level of grB internalization in the body comprising 
administering to such an animal a composition comprising a 
therapeutically effective amount of either a modulator of grB internalization 
and/or grB and/or MPR polypeptides of the invention. One non-limiting 

15 model disease in which an animal would be in need of an increased level 
of internalization of grB is cancer. One non-limiting model disease or 
condition in which an animal would be in need of a decreased level of 
internalization of grB is a disease in which an evasion of the immune 
system is desired. Examples thereof include auto-immune diseases and 

20 upon transplantation in the animal and more particularly a human. 

The present invention also relates to a method to 
diagnose or prognose in an animal a disease or condition associated with 
an increased or decreased level of internalization of grB in cells 
associated with this disease or condition, comprising determining the level 

25 of at least one of the CI-MPR and CD-MPR receptor at the surface of the 
cells. In a particular embodiment of the invention, this determining is 
carried-out with a ligand specific to at least one of these receptors and 
preferably CI-MPR. In another embodiment, the expression level of CD- 
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MPR and/or CI-MPR is determined. For such a determination, nucleic acid 
probes can be used. In a particular embodiment, the level of membrane 
bound CI-MPR is compared to its internalized level. 

The findings listed in Example 1 suggest that the Cl- 
5 MPR plays an important role in CTL killing. A cell expressing low or no CI- 
MPR is thus expected to be more capable of evading the immune system. 
This is corroborated by the correlation between grB internalization and 
cancer described in Example 2. It would thus be useful to determine the 
levels of CI-MPR (and CD-MPR since it can interfere with grB 

10 internalization) on the surface of, for instance, tumor cells. As the 
experiments shown in Example 2 suggest, the absence of CI-MPR surface 
expression, the over-surface expression of CD-MPR, or an inability of the 
CI-MPR molecules to be externalized to the cell surface correlate to a poor 
clinical prognosis. Such a determination might enable the choice of a 

15 better suited therapeutic regimen. In one embodiment in which a cancer 
cell for example is shown to have a low level of expression of CI-MPR or 
of externalization of CI-MPR to the cell surface, the treatment regimen can 
be adapted accordingly. For example, should grB internalization be 
increased in such a cancer cell, a vaccine targeting a tumor receptor on 

20 this cancer cell could be used to trigger a CTL-dependent killing thereof. 

In accordance with the present invention, there is also 
provided a method for identifying, from a library of compounds, a 
compound with therapeutic effect on a disease or condition associated 
with a perturbed internalization of grB, comprising providing a screening 

25 assay which comprises a measurable biological activity of CI-MPR or 
involving a CI-MPR-grB interaction or interacting domains thereof; 
contacting the screening assay with a test compound; and detecting if the 
test compound modulates the biological activity of CI-MPR or of the 
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interaction between CI-MPR and grB; wherein a test compound which 
modulates the biological activity is a compound with this therapeutic effect. 
Non-limiting examples of such diseases or conditions associated with a 
perturbation of internalization of grB include cancer and auto-immune 
5 disorders. 

Also provided within the present invention is a compound 
having therapeutic effect on a disease or condition associated with a 
perturbed internalization of grB identified by a method comprising: 
providing a screening assay which comprises a measurable biological 

10 activity of CI-MPR or involving a CI-MPR-grB interaction or interacting 
domains thereof; contacting the screening assay with a test compound; 
and detecting if the test compound modulates the biological activity 
effected by CI-MPR or by the interaction between CI-MPR and grB, 
wherein a test compound which modulates the biological activity is a 

15 compound with this therapeutic effect. Non-limiting examples of such 
diseases or conditions associated with a perturbation of internalization of 
grB include cancer and auto-immune disorders. 

Yet in another embodiment, the present invention relates 
to an assay to screen for drugs for the treatment and/or prevention and/or 

20 prognosis of a disease or condition associated with a perturbation of grB 
internalization such as, for example, cancer or conversaly auto-immune 
diseases. In a particular embodiment, such assays can be designed using 
cells from patients having such a disease or condition. These cells 
harboring recombinant vectors can enable an assessment of the 

25 functionality of a recombinant CI-MPR (whether wild-type or mutated) to 
identify agonists or antagonists of the CI-MPR function in internalizing grB, 
whether in terms of expression, activity or cellular localization. Non-limiting 
examples of assays that could be used in accordance with the present 
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invention include cis-trans assays similar to those described in U.S.P. 
4,981,784. 

In accordance with one embodiment of the present 
invention, there is therefore provided, a method for identifying an agent 
5 that modulates CI-MPR-dependent internalization of granzyme B in a cell 
comprising contacting a CI-MPR, or fragment thereof in the presence or 
absence of a candidate compound and assaying a biological function of 
the CI-MPR, or fragment thereof, wherein a modulator of the CI-MPR- 
dependent internalization of granzyme B is selected when the biological 

1 0 function is measurably different in the presence of the candidate agent as 
compared to in the absence thereof. 

In accordance with another embodiment of the present 
invention, there is also provided a method for identifying an agent that 
modulates CI-MPR-dependent internalization of granzyme B in a cell 

1 5 comprising contacting a CI-MPR, or fragment thereof with a mannose 6- 
phosphate-containing molecule in the presence or absence of a candidate 
compound and assaying a biological function of said CI-MPR, wherein a 
modulator of the CI-MPR-dependent internalization of granzyme B is 
selected when the biological function is measurably different in the 

20 presence of the candidate agent as compared to in the absence thereof. 

In accordance with yet another embodiment of the 
present invention, there is provided a method of increasing granzyme B 
internalization in a cell comprising increasing the level and/or activity of CI- 
MPR on the outer membrane of the cell. 

25 In accordance with an additional embodiment of the 

present invention, there is provided a method of inhibiting a disease or 
disorder in an individual associated with an enhanced internalization of 
granzyme B (grB), comprising administering to the individual an effective 
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amoLint of an agent which inhibits grB binding to the cation-independent 
mannose 6-phospate receptor (CI-MPR) and/or internalization of grB 
thereby. 

As briefly noted above, cells undergoing apoptosis 
5 display characteristic features such as DNA fragmentation and 
externalization of phosphatidylserine onto surface of plasma membrane 
that can be monitored using a variety of assays. Extensive DNA 
degradation is a characteristic event which often occurs in the early stages 
of apoptosis. DNA strand breaks can be detected by enzymatic labeling 

10 of the free 3 OH termini with X-dUTP by terminal deoxynucleotidyl 
transferase (TUNEL end labeling) (Guide to Cell Proliferation and 
Apoptosis Methods, 2000, Roche Diagnostics Corporation). The labeled 
DNA is subsequently analyzed by flow cytometry. One advantage of flow 
cytometry is that it is automatable and thus amenable to high throughput 

15 screening. 

A number of other markers can be monitored to assess 
early, intermediate or late events in cellular apoptosis. Such markers and 
assays are well-known in the art and hence the present invention should 
not be limited to the assays exemplified in the present invention. A number 

20 of these assays provide the advantage of enabling automation and/or 
high-throughput screening. 

While the present invention demonstrates and 
exemplifies the effect of grB binding and internalization on apoptosis and 
immune evasion and methods of modulating same, the present invention 

25 should not be so limited. Indeed* the present invention enables the 
correction of any disease or condition in which the physiological role of grB 
is compromised by a defect in binding and/or internalization thereof 
through CI-MPR. Thus, the present invention relates to diseases or 
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conditions in which grB-CI-MPR interaction is inhibited or stimulated or in 
which a defect in CI-MPR has been reported. Non-limiting examples of 
such diseases or conditions include of course cancer as well as auto- 
immune diseases, viral infections, tissue or organ transplantation and 
5 multiple sclerosis. 

While the present invention has demonstrated that breast 
cancer cells have devised a number of strategies to inhibit or lower grB 
internalization (or the activity of grB), the present invention should not be 
so limited. Indeed, other cancer cells are believed to use at least one of 

10 these strategies to override the grB-mediated apoptotic pathway. Non- 
limiting examples of such cancer cells include pancreas cells, melanoma 
cells, lymphomas, ovarian cells and neural cells. In fact, abundant 
evidence link CI-MPR mutations to tumors. While some of these mutations 
still result in CI-MPR being expressed, the ability thereof to bind M6P- 

15 ligands or IGF-II was found to be compromised in many instances. The 
teachings of the present invention together with such studies therefore 
provide the framework to test the level and/or functionality of CI-MPR 
(membrane bound or internalized) in such cancer cells and use such cells 
or CI-MPR therefrom in assays or methods of the present invention. What 

20 follows are selected, non-limiting examples in which CI-MPR mutations 
have been documented. 

Microsatellite instability (MSI) has been shown to be 
present in 15% of sporadic colorectal carcinomas. Several genes 
(including TGF beta Rll, and IGFIIR) were shown to harbor repeats in their 

25 coding regions and are often somatically inactivated because of deletions 
causing frameshifts. IGF-II and its receptor have been suggested to play 
an important role in the development of hepatocarcinogenesis 
(hepatocellular carcinoma (HCC), since a mutation in the IGF-IIR/CI-MPR 
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has been discovered in HCC. M6P/IGF2R has also been found to be 
mutated in squamous cell carcinoma of the lung. A lung adenocarcinoma 
cell line was found to have a point mutation in the CI-MPR. In mice we 
have identified murine squamous (SCC-VII) carcinoma cells, whose 
5 secretion of matrix-degrading cathepsins is attributable to a deficiency in 
the mannose 6-phosphate/insulin-like growth factor II receptor. The 
association between CI-MPR and disease is not limited to cancer since, 
for example, insulin-like growth factor II receptors which are present in 
human brain have been shown to be absent in astrogliotic plaques in 

10 multiple sclerosis. 

In view of the teachings of the present invention, it is 
expected that a perturbation (quantitative or qualitative [i.e. mutation]) 
which affects positively or negatively binding or uptake of a given M6P- 
containing protein, will similarly affect binding or uptake of grB. It follows 

1 5 that it is within the scope of the present invention to assess grB binding or 
uptake through its interaction with CI-MPR with other M6P-containing 
proteins which interact with CI-MPR. Non-limiting examples of M6P- 
containing proteins include IGF-II, TGFp, retinoic acid. Interactions with 
soluble acid hydrolases could also be monitored. Such enzymes as well 

20 as biological activities of CI-MPR are discussed in Marron-Terada et al. 
1988, J. Biol. Chem. 273:22358-22366. 

In addition, while the present invention has been 
exemplified with human grB and human CI-MPR, the present invention 
should not be so limited. Indeed, in view of the functional complementation 

25 showed by the human CI-MPR+ L-cells (mouse cells) originally deficient 
in CI-MPR expression and the in vivo mouse experiment shown in 
Example 1, and of the significant conservation of these sequences as well 
as those of downstream effectors of grB function, other mammalian 
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sequences could be used in the methods and assays of the present 
invention. Indeed, it is shown herein that human CI-MPR when expressed 
in mouse cells can bind and internalize grB (ie. the CI-MPR+ cells 
mentioned in Example 1 (the human CI-MPR expressing mouse L cells 
5 deficient in endogenous CI-MPR)). Evidence is presented that mouse grB 
binds to and is internalized via the human CI-MPR (ie. in vitro CTL assays 
with murine CTLs and our CI-MPR+ targets). Similarly we observe that 
human grB binds to and is internalized by the murine CI-MPR. In fact, CI- 
MPR is found in the vast majority of higher eukaryotic cell types and from 

10 the comparison of the cDNA sequences from bovine, mouse, rat and 
human, it is clear that CI-MPR is highly conserved (Dahns, 1996, Biochem 
Soc. Trans. 24:136). The scope of the present invention thus also includes 
non-mammalian higher eukaryotic cell types. 

Of note, there are two types of mannose 6-phosphate 

15 (M6P) receptors: the cation independent MPR (CI-MPR) also known as 
the insulin-like growth factor receptor II (IGF-IIR) and the cation-dependent 
MPR (CD-MPR). Both can bind grB, although the affinity toward CD-MPR 
is significantly lower than toward CI-MPR (see below). 

The CD-MPR protein sequence are highly conserved 

20 from bovine to human (with about 92% identity overall). The CI-MPR 
protein homolog between rat and human is 83% overall with the 
functionally important regions thereof being highly conserved (see below). 
Because of the ease to purify CI-MPR from bovine, the bovine CI-MPR 
has been well studied (and sequenced). In many cases, the bovine CI- 

25 MPR cDNA has been introduced in an expresion vector in murine cells 
which lack endogenous CI-MPR expression and a functional 
implementation between bovine and murine demonstrated (Marron- 
Terada et al. 1988, J. Biol. Chem. 273:22358-22366). 
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BR1EF DESCRIPTION OF THE DRAWINGS 

Having thus generally described the invention, reference will 
now be made to the accompanying drawings, showing by way of > 
5 illustration a preferred embodiment thereof, and in which: 

Figure 1 shows that the phosphatase treatment of grB 
inhibits its ability to bind at the cell surface and to mediate apoptosis. (A) 
Flow cytometric analysis of the binding of grB-biotin to Jurkat cells after 
prior treatment of the proteinase at 37°C for 60 min with or without alkaline 

10 phosphatase (AP) in the presence or absence of phosphate buffer (PO4) 
as described in Example 1. The percentage of positive staining cells 
(region markers not shown in the three-dimensional histogram) and the 
relative mean fluorescence intensity (MFI), shown in brackets, are 
indicated. Relative cell number is represented on the y axis. (B) DNA 

15 fragmentation and phosphatidylserine externalization as assessed by 
TUNEL and annexin V labeling, respectively, after a 3 hr treatment at 37°C 
of Jurkat cells with 10 pfu/cell replication-deficient AD and 100 ng/ml grB 
that was or was not pretreated with alkaline phosphatase as outlined 
above. The percent specific positive labeling cells was determined by flow 

20 cytometric analysis as outlined in Example 1. The percentage of 
TUNEL/annexin V positive cells incubated without treatment or with only 
grB was under 8%. Data shown in (A) is representative of at least three 
experiments. Data shown in (B) is the mean ± SD of three experiments. 

Figure 2 shows that grB binds to both the CI- and the CD- 

25 MPR but it is the expression of the CI-MPR that is required for grB- 
mediated apoptosis. (A) The binding of grB was compared with the level 
of expression of cell surface MPR using antisera specific for the CI- and 
CD- forms of the MPR. Wild-type L-cells and the L(Rec~) cell series (MPR- 
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, CI-MPR + ~, and CD-MPR + -cells) were treated as described above with 
grB-OG or with anti-MPR. All labeling steps were carried out at 4°C. Data 
is presented as the relative MFI as described in Example 1. (B) TUNEL 
and annexin V labeling of L cells and the L(Rec~) cell series after a 3 hr 
5 incubation with 100 ng/ml grB and AD. The percent specific positive 
labeling cells was determined by flow cytometric analysis. Data shown in 
(A) is representative of at least three experiments. Data shown in (B) is the 
mean ± SD of at least three experiments. 

Figure 3 shows that M6P inhibits grB binding, uptake and 

1 0 apoptosis induction. (A) GrB-OG binding to CI-MPR + cells in the presence 
or absence of M6P or D-mannose at different concentrations, or with 50 
mM D-glucose or D-glucose-6 phosphate. Cells were labeled and 
incubated as previously described. Maximal binding was taken as the MFI 
of grB-OG binding to CI-MPR* cells in the absence of monosaccharide. 

15 (B) Confocal analysis of CI-MPR* cells incubated with grB-OG in the 
presence or absence of M6P> Cells were incubated for 20 min at 37°C 
without grB-OG (a), or with grB-OG either in the absence (b), or presence 
of 20 mM M6P (c). (C) Jurkat cells were incubated for 3 hr with different 
concentrations of grB and AD following a 15 min incubation with different 

20 concentrations of M6P or related monosaccharides. Cells were then 
labeled using a TUNEL or annexin V assay and analyzed by flow 
cytometry. The percentage of TUNEL/annexin V positive cells after 
incubation with grB and AD with either 25 mM D-glucose 6-phosphate, D- 
mannose, or D-glucose was 60/41, 52/32, and 66/40, respectively. Data 

25 shown in (A-C) is representative of at least three experiments. 

Figure 4 shows the correlation of CTL-mediated target cell 
DNA fragmentation with CI-MPR expressions. A human CTL line was 
incubated with either CI-MPR* or MPR~ target cells at E:T ratios of 4:1, 
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2:1 , and 1:1. The percent specific 3 H-thymidine-release (measure of DNA 
fragmentation) and 5i Cr-release (measure of outer-membrane damage) 
of the target cells was determined after a 3- and 5-hr incubation, 
respectively. Data is the mean ± SD of three experiments. 
5 Figure 5 shows the correlation of CI-MPR expression with 

allograft survival. CI-MPR* and MPR" cells (H-2 k -expressing) were used 
as donor cells for transplantation under the kidney capsule of allogeneic 
recipient BALB/c or SCID mice. Mice were sacrificed after 7- or 14-days 
and immunohistochemical labeling of the kidney capsule was performed 

1 0 using mAb specific for H-2 k , CD4, or CD8 as described in Example 1 . Bars 
correspond to 10 pm. Data shown is representative of three experiments. 

Figure 6 shows that grB binding correlates to surface MPR 
expression. The binding of grB was compared with the level of expression 
of cell surface MPR using antisera specific for CI-MPR and CD-MPR and 
" 15 biotin labeled grB. Data is presented as the relative MFI as described in 
Example 2. Data shown is representative of three experiments. 

Figure 7 shows a reduction of CI-MPR expression in certain 
cell lines. Levels of expression of total CI-MPR was examined using 
antiserum specific for CI-MPR after cells were permeabilized allowing 

20 entry of antibody. Data is presented as the relative MFI as described in 
Example 2. 

Figure 8 shows the inhibition of grB binding by M6P. Flow 
cytometric analysis of the binding of grB-OG to cells after prior incubation 
with M6P at 37°C for 15 min. Data is presented as the relative MFI as 
25 described in Example 2. Data shown is representative of three 
experiments. 

Figure 9 shows the induction of appptosis by grB and AD. 
Annexin V labeling of cells after a 3 hr incubation with grB (0.72, 3.6 and 



WO 02/34910 PCT/CA01/01521 



-19- 



18 nM) and AD (10 pfu per cell). The percent specific positive cells was 
determined by flow cytometric analysis. Data shown is the mean + SD of 
three experiments. 

Figure 10 shows the induction of apoptosis by grB and AD. 
5 TUNEL labeling of cells after a 3 hr incubation with grB (0.72, 3.6 and 18 
nM) and AD (10 pfu per cell). The percent specific positive cells was 
determined by flow cytometric analysis. Data shown is the mean + of three 
experiments. 

Figure 11 shows that caspase 3 is processed in Jurkat and 

1 0 T47D cells following addition of grB and AD. Cells were incubated with grB 
(18 nM) and AD (10 pfu per cell) for 3 hr and caspase 3 cleavage was 
assessed by Western blotting analysis. 

Figure 12 shows that caspase 3 is processed in all cell lines 
except MCF7 following addition of staurosporine. Cells were incubated 

15 with staurosporine (2.5 uM) and caspase 3 cleavage was assessed by 
Western blotting anaysis. 

Figure 13 shows an alignment between human (GI4504611) 
and bovine (GI89650) cation-independent mannose-6-phosphate receptor, 
displaying 80% identity, 88%homology, wherein the Gl number indicates 

20 an NCBI accession number 

Figure 14 shows an alignment between human 
(GI14750582) and mouse (GI55857) granzyme B precursor displaying a 
68% identity and 69% homology overall, wherein the Gl number indicates 
an NCBI accession number. 

25 Figure 15 shows an alignment between human 

(Gl 12745007) and bovine (GI89649) cation-dependent mannose-6- 
phosphate receptor, displaying 92% identity and 94% homology, wherein 
the Gl number indicates an NCBI accession number. 
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Other objects, advantages and features of the present 
invention will become more apparent upon reading of the following 
non-restrictive description of preferred embodiments with reference to the 
accompanying drawing which is exemplary and should not be interpreted 
5 as limiting the scope of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Mammalian cells possess two mannose-6-phosphate 
receptors, the cation-dependent (CD-MPR) and the cation-independent 

10 receptor (CI-MPR), also known as the insulin-like growth factor receptor 
(IGF-IIR) (Sandholzer et aL, 2000). The two MPRs have apparent 
molecular weights of 46 kDa and -270 kDa, respectively. Both MPRs are 
type I transmembrane glycoproteins and the extracytoplasmic domain of 
CD-MPR is homologous to each of the 15 repeating units in the 

15 extracytoplasmic domain of CI-MPR. CI-MPR can bind M6P-containing 
ligands at the cell surface and endocytose extracellular M6P-containing 
ligands. Ligands bind to the repeating units 3 and 9 and arginine residues 
appear to be involved in the binding (Marron-Terada et al. 1998 supra). 

The serine proteinase granzyme B is crucial for the rapid 

20 induction of target cell apoptosis by cytotoxic T cells. Evidence that 
granzyme-B enter cells in a perforin-independent manner is now 
presented since its cell surface receptor, the cation-independent mannose 
6-phosphate/insulin-like growth factor receptor (CI-MPR), has been 
identified. Inhibition of the granzyme B-CI-MPR interaction prevented 

25 granzyme B cell surface binding, uptake, and the induction of apoptosis. 
Significantly, expression of the CI-MPR was essential for cytotoxic T cell- 
mediated apoptosis of target cells in vitro and for the rejection of 
allogeneic cells in vivo. These results provide a novel target for 
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immunotherapy and a potential mechanism used by tumors for immune 
evasion. To corroborate this immune evasion mechanism in tumors, 
cancer cells were chosen and tested. A correlation between the level or 
the activity of CI-MPR and cancer and/or apoptosis was identified. 
5 Strikingly, the present invention indeed demonstrates that carcinoma cell 
lines use several strategies to evade granule purified grB-mediated 
apoptosis. 

The discovery of the grB-CI-MPR interaction is important 
for a number of reasons, one of which being that the receptor has 

10 previously been implicated as a tumor suppressor gene (Hankins et al., 
1996). The receptor is involved in inactivation of IGF-2, a potent autocrine 
and paracrine mitogen which otherwise triggers mitogenic signals on IGF- 
1 receptors. It also activates TGF-p, an immunosuppressive agent, and 
regulates targeting of lysosomal enzymes, particularly procathepsins. Loss 

15 of heterozygosity at the M6P locus on chromosome 6q and somatic 
mutations in coding regions have been reported in breast and liver cancer 
and tumors of the gastrointestinal tract, endometrium and brain (Ouyang 
et al., 1997; Chappell et al., 1997; Sue et aL, 1995; and De Souza et al., 
1995). 

20 SEQUENCES 

A number of homologs and orthologs of the nucleic acid 
and amino acid sequences of the present invention are known. The 
human CI-MPR cDNA and encoded protein are available in the NCBI 
database under accession number NM_000867; SEQ ID NOs 1 and 2, 
25 respectively. The human cDNA for granzyme B and its encoded protein 
are known (see NCBI database, XMJ)32600; SEQ ID NOS:3 and 4, 
respectively). Granzyme B (grB) has two N-linked glycosylation sites which 
can be modified to express the M6P-modification and hence enable 
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intemalization in cells. The human nucleic acid and amino acid sequences 
of CD-MPR are also available in the NCBI database under accession 
number NM__002355; SEQ ID NOs 5 and 6 t respectively. Sequences of 
the present invention are also available from other animal species. These 
5 can be found in different databases as commonly known. Non-limiting 
examples of such animals thereof include bovine, mouse, rat, chicken, 
frog and zebra fish. For example from NCBI the sequences of CI-MPR 
from mus musculus (AAA19568); bovine (A30788); vattus norvegicus 
(AAB03185); and gallus gallus (AAC59718) can be obtained. From NCBI, 

10 sequences of grB can be obtained from rat (A43520); mus musculus 
(CAA27715); and bos taurus (AAG28537). The sequences of CD-MPR 
have been obtained from many species including zebra fish (BF1 57978), 
frog (BI350257), and chicken (BI394729). 

In order to provide a clear and consistent understanding 

15 of terms used in the present description, a number of definitions are 
provided hereinbelow. 

Nucleotide sequences are presented herein by single 
strand, in the 5' to 3' direction, from left to right, using the one letter 
nucleotide symbols as commonly used in the art and in accordance with 

20 the recommendations of the IUPAC-IUB Biochemical Nomenclature 
Commission. 

Unless defined otherwise, the scientific and technological 
terms and nomenclature used herein have the same meaning as 
commonly understood by a person of ordinary skill to which this invention 
25 pertains. Generally, the procedures for cell cultures, infection, molecular 
biology methods and the like are common methods used in the art. Such 
standard techniques can be found in reference manuals such as for 
example Sambrook et al. (1989, Molecular Cloning - A Laboratory Manual, 
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Cold Spring Harbor Laboratories) and Ausubel et al. (1994, Current 
Protocols in Molecular Biology, Wiley* New York). 

The apoptotic pathway methods of monitoring same are 
well-known in the art. The "Guide to Cell Proliferation and Apoptosis 
5 Methods" (2000, Roche Diagnostics Corporation) is but one example of a 
reference that provide teachings to be used in the context of the present 
invention. 

The present description refers to a number of routinely 
used recombinant DNA (rDNA) technology terms. Nevertheless, 
10 definitions of selected examples of such rDNA terms are provided for 
clarity and consistency. 

As used herein, "nucleic acid molecule", refers to a 
polymer of nucleotides. Non-limiting examples thereof include DNA (e.g. 
genomic DNA, cDNA), RNA molecules (e.g. mRNA) and chimeras thereof. 
15 The nucleic acid molecule can be obtained by cloning techniques or 
synthesized. DNA can be double-stranded or single-stranded (coding 
strand or non-coding strand [antisense]). 

The term "recombinant DNA" as known in the art refers 
to a DNA molecule resulting from the joining of DNA segments. This is 
20 often referred to as genetic engineering. The same is true for 
"recombinant nucleic acid". 

The term "DNA segment", is used herein, to refer to a 
DNA molecule comprising a linear stretch or sequence of nucleotides. This 
sequence when read in accordance with the genetic code, can encode a 
25 linear stretch or sequence of amino acids which can be referred to as a 
polypeptide, protein, protein fragment and the like. 

The terminology "amplification pair" refers herein to a pair 
of oligonucleotides (oligos) of the present invention, which are selected to 
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be used together in amplifying a selected nucleic acid sequence by one 
of a number of types of amplification processes, preferably a polymerase 
chain reaction. Other types of amplification processes include ligase chain 
reaction, strand displacement amplification, or nucleic acid 
5 sequence-based amplification, as explained in greater detail below. As 
commonly known in the art, the oligos are designed to bind to a 
complementary sequence under selected conditions. 

The nucleic acid (e.g. DNA or RNA) for practicing the 
present invention may be obtained according to well known methods. Non- 

1 0 limiting examples thereof include CI-MPR, CD-MPR, grB, grA and caspase 
3. While CI-MPR, grB or CD-MPR are preferred sequences (nucleic acid 
and proteins) in accordance with the present invention, and especially the 
human sequences thereof, the invention should not be so limited. Indeed, 
in view of the significant conservation of the genes throughout evolution 

1 5 of the sequences which can be used to practice the invention, sequences 
from different animal species, and preferably mammalian species, could 
be used in the assays of the present invention. One non-limiting example 
is the mouse CI-MPR ortholog protein which shows 93% homology with 
its human counterpart. The significant conservation of the sequences of 

20 the present invention will be shown further below. 

As used herein, the term "physiologically relevant" is 
meant to describe interactions which have relevance to their natural 
setting and more particularly in vivo. Encoding portions of the proteins 
encoded by these nucleic acids, which interact in order to mediate grB 

25 binding, grB internalization and/or grB-mediated apoptosis, are also within 
the scope of the present invention. 

The term "ligand" is used herein to refer broadly to an 
agent which binds to one of the proteins of the present invention. In a 
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particularly preferred embodiment, the ligands bind to CI-MPR or to grB. 
Non-limiting examples of ligands of CI-MPR, for example include 
antibodies thereto, kinases, grB, IGF-II, M6P, soluble acid hydrolases and 
the like. A number of ligands for CI-MPR has thus been identified. In 
5 additon, a number of specific domains thereof have been determined as 
being the interacting domains with particular ligands. For example, IGF-II 
binds to domain 11 of the CI-MPR (Marron-Terada et al. 1998 supra), 
whereas mannose 6-phosphorylated proteins bind to domain 3 and/or 
domain 9 of the CI-MPR. Nevertheless it is known that IGF-II blocks the 

1 0 binding and uptake of M6P-expressing proteins - perhaps through a steric 
hindrance mechanism. Competition experiments using IGF-II have shown 
that same does not inhibit M6P uptake by CI-MPR. However, an 
upregulation of M6P uptake in the presence of IGF-II has been reported. 
In fact, the stimulation of expression of the CI-MPR gene has been shown 

15 following IGF-II stimulation. IGF-II, parts or analogs thereof could thus be 
tested in the assays of the present invention. In its latent form, the TGF- 
beta cytokine binds to CI-MPR in a manner independent of the M6P- 
binding domains (domain 3 and 9) of CI-MPR. TGF-beta can also inhibit 
binding/uptake of M6P-proteins. LIF and the HSV glycoprotein D bind via 

20 the M6P-binding sites of the CI-MPR. CD26 and retinoic acid are 
examples of other ligands that bind the CI-MPR. CD26 is a protein that 
gets M6P phosphotylated upon T cell activation. In activated T cells, CD26 
then crosslinks with itself when bound to its ligand CD26 and is then 
internalized via the CI-MPR. Retinoic acid can directly bind CI-MPR with 

25 high affinity, with a distinct binding site which is different from that used by 
IGF-II or M6P. 

As used herein, "biological activity" or "CI-MPR biological 
activity" refers to any detectable biological activity of a gene or protein of 
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the present invention. In particular, it refers in particular to a biological 
activity of CI-MPR, and grB as well as of CD-MPR, or grA gene or protein. 
More particularly, it refers to any detectable biological activity which is 
relevant to the interaction between CI-MPR and M6P-containing proteins 
5 of the present invention (e.g. grB). In view of the effect of CD-MPR on grB 
binding/intemalization by CI-MPR, the term "biological activity" also relates 
to a detectable biological activity which is relevant to the interaction 
between CD-MPR and M6P-containing proteins. This includes any 
physiological function attributable to a CI-MPR or grB gene or protein. It 

1 0 can include for example the specific biological activity of CI-MPR enabling 
grB-mediated apoptosis. This includes measurement of apoptotic features 
in cells, but not limited to: 1) DNA fragmentation, 2) externa lization of 
phosphotidyl serine onto the surface of the plasma membrane; and 3) 
activation of caspase 3. At a larger scale, CI-MPR biological activity 

15 includes in vitro or in vivo killing assays and transplantation 
rejection/maintenance, dependent on an internalization of grB, wherein 
changes in these activities caused by modulators of CI-MPR dependent 
grB internalization can be identified. The biological activity also includes 
lyposomal enzyme sorting. Non-limiting examples of biological activities 

20 are described in Marron-Terada et al. 1998 supra and include sorting of 
cathepsinD, secretion of phexosaminodase and ^glucuronidase, 
pentamannosyl phosphate-agarose affinity chromatography, and secretion 
of phosphorylated ligands. Non-limiting examples of measurements of 
these biological activities may be made directly or indirectly. In one 

25 embodiment, an indirect measure of CI-MPR biological activity is 
measured indirectly by measuring biological activity of grB. CI-MPR 
biological activity is not limited, however, to these most important 
biological activities herein identified. Biological activities may also include 
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simple binding or pKa analysis of CI-MPR with compounds, substrates, 
interacting proteins, and the like. For example, by measuring the effect of 
a test compound on its ability to increase or inhibit such CI-MPR binding 
or interaction is measuring a biological activity of CI-MPR according to this 
5 invention. CI-MPR biological activity includes any standard biochemical 
measurement of CI-MPR such as conformational changes, 
phosphorylation status or any other feature of the protein that can be 
measured with techniques known in the art. CI-MPR biological activity also 
includes activities related to CI-MPR gene transcription or translation, or 

10 any biological activities of such transcripts or translation products. In 
addition, CI-MPR biological activity also include activities related to the 
externalization of CI-MPR on the surface of the cell membrane, or to the 
ratio of externalized to internalized CI-MPR in cells. Since the instant 
invention is concerned particularly with CI-MPR interaction with grB, 

15 biological activity of CI-MPR also includes assays which monitor binding 
and other biochemical measurements of grB. For clarity, in view of the 
number of ligands which interact or are internalized by CI-MPR (e.g. grA, 
TGF-p...), biological activity also includes measurements using these 
ligands. Furthermore, the terminology "biological activity" also includes 

20 measurements based on the interaction of domains of interacting proteins 
of the present invention (e.g. at least one, preferably two of the M6P sites 
of grB with at least one of domains 3 and 9 of CI-MPR). 

Oligonucleotide probes or primers of the present 
invention may be of any suitable length, depending on the particular assay 

25 format and the particular needs and targeted genomes employed. In 
general, the oligonucleotide probes or primers are at least 12 nucleotides 
in length, preferably between 15 and 24 molecules, and they may be 
adapted to be especially suited to a chosen nucleic acid amplification 
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system. As commonly known in the art, the oligonucleotide probes and 
primers can be designed by taking into consideration the melting point of 
hybridization thereof with its targeted sequence (see below and in 
Sambrook et aL, 1989, Molecular Cloning - A Laboratory Manual, 2nd 
5 Edition, CSH Laboratories; Ausubel et al., 1989, in Current Protocols in 
Molecular Biology, John Wiley & Sons Inc., NX). 

The term "DNA" molecule or sequence (as well as 
sometimes the term "oligonucleotide 11 ) refers to a molecule comprised of 
the deoxyribonucleotides adenine (A), guanine (G), thymine (T) and/or 

10 cytosine (C), often in a double-stranded form, which can comprise or 
include a "regulatory element", as the term is defined herein. The term 
"oligonucleotide" or "DNA" can be found in linear DNA molecules or 
fragments, viruses, plasm ids, vectors, chromosomes or synthetically 
derived DNA. As used herein, particular double-stranded DNA sequences 

1 5 may be described according to the normal convention of giving only the 
sequence in the 5' to 3' direction. 

"Nucleic acid hybridization" refers generally to the 
hybridization of two single-stranded nucleic acid molecules having 
complementary base sequences, which under appropriate conditions will 

20 form a thermodynamically favored double-stranded structure. Examples 
of hybridization conditions can be found in the two laboratory manuals 
referred above (Sambrook et aL, 1989, supra and Ausubel et al., 1989, 
supra) and are commonly known in the art. In the case of a hybridization 
to a nitrocellulose filter, as for example in the well known Southern blotting 

25 procedure, a nitrocellulose filter can be incubated overnight at 65°C with 
a labeled probe in a solution containing 50% formamide, high salt (5 x 
SSC or f 5 x SSPE), 5 x Denhardt's solution, 1% SDS, and 100 pg/ml 
denatured carrier DNA (e.g. salmon sperm DNA). The non-specifically 
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binding probe can then be washed off the filter by several washes in 0.2 
x SSC/0.1% SDS at a temperature which is selected in view of the desired 
stringency: room temperature (low stringency), 42°C (moderate stringency) 
or 65°C (high stringency). The selected temperature is based on the 
5 melting temperature (Tm) of the DNA hybrid. Of course, RNA-DNA hybrids 
can also be formed and detected. In such cases, the conditions of 
hybridization and washing can be adapted according to well known 
methods by the person of ordinary skill. Stringent conditions will be 
preferably used (Sambrook et al.,1989, supra). 

1 0 Probes or sequences of the invention can be utilized with 

naturally occurring sugar-phosphate backbones as well as modified 
backbones including phosphorothioates, dithionates, alkyl phosphonates 
and a-nucleotides and the like. Modified sugar-phosphate backbones are 
generally taught by Miller, 1988, Ann. Reports Med. Chem. 23:295 and 

15 Moran et al., 1987, Nucleic Acids Res., 14:5019. Probes of the invention 
can be constructed of either ribonucleic acid (RNA) or deoxyribonucleic 
acid (DNA), and preferably of DNA. Protein probes (e.g. labeled protein) 
can also be used. 

The types of detection methods in which probes can be 

20 used include Southern blots (DNA detection), dot or slot blots (DNA, 
RNA), Northern blots (RNA detection) and in the case of labeled proteins, 
Westerns, West-Northerns or West-Southerns. Other detection methods 
include kits containing probes on a dipstick setup and the like. 

Although the present invention is not specifically 

25 dependent on the use of a label for the detection of a particular nucleic 
acid sequence, such a label might be beneficial, by increasing the 
sensitivity of the detection. Furthermore, it enables automation. Probes 
can be labeled according to numerous well known methods (Sambrook et 
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aL, 1989, supra). Non-limiting examples of labels include 3 H, 14 C, 32 P, and 
35 S. Non-limiting examples of detectable markers include ligands, 
fluorophores, chemiluminescent agents, enzymes, and antibodies. Other 
detectable markers for use with probes, which can enable an increase in 
5 sensitivity of the method of the invention, include biotin and 
radionucleotides. It will become evident to the person of ordinary skill that 
the choice of a particular label dictates the manner in which it is bound to 
the probe. 

As commonly known, radioactive nucleotides can be 

10 incorporated into probes of the invention by several methods. Non-limiting 
examples thereof include kinasing the 5' ends of the probes using gamma 
32 P ATP and polynucleotide kinase, using the Klenow fragment of Pol I of 
E. coll in the presence of radioactive dNTP (e.g. uniformly labeled DNA 
probe using random oligonucleotide primers in low-melt gels), using the 

15 SP6/T7 system to transcribe a DNA segment in the presence of one or 
more radioactive NTP, and the like. 

As used herein, "oligonucleotides" or "oligos" define 
a molecule having two or more nucleotides (ribo or deoxyribonucleotides). 
The size of the oligo will be dictated by the particular situation and 

20 ultimately on the particular use thereof and adapted accordingly by the 
person of ordinary skill. An oligonucleotide can be synthesized chemically 
or derived by cloning according to well known methods. While they are 
usually in a single-stranded form, they can be in a double-stranded form 
and even contain a "regulatory region". 

25 As used herein, a "primer" defines an oligonucleotide 

which is capable of annealing to a target sequence, thereby creating a 
double stranded region which can serve as an initiation point for DNA 
synthesis under suitable conditions. Primers can be, for example, 
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designed to be specific for certain alleles so as to be used in an allele- 
specific amplification system. 

In a particular embodiment in which the level of 
expression of one of the interacting factors of the present invention need 
5 to be monitored (CI-MPR, CD-MPR or grB), a pair of primers is designed 
to specifically amplify a segment of one of the interacting factors of the 
present invention. This pair of primers is preferably derived from the 
nucleic acid sequence of CI-MPR, CD-MPR or grB or from sequences 
flanking these genes, to amplify a segment of CI-MPR, CD-MPR or grB. 
1 0 The design of primer pairs using the sequences of the CI-MPR, CD-MPR 
or grB nucleic acids molecules described hereinbelow are well-known in 
the art. 

Amplification of a selected, or target, nucleic acid 
sequence may be carried out by a number of suitable methods. See 

15 generally Kwoh et al., 1990, Am. Biotechnol. Lab. 8:14-25. Numerous 
amplification techniques have been described and can be readily adapted 
to suit particular needs of a person of ordinary skill. Non-limiting examples 
of amplification techniques include polymerase chain reaction (PCR), 
ligase chain reaction (LCR), strand displacement amplification (SDA), 

20 transcription-based amplification, the QB replicase system and NASBA 
(Kwoh et al., 1989, Proc. Natl. Acad. Sci. USA 86, 1 173-1 177; Lizardi et 
al., 1988, BioTechnology 6:1 197-1202; Maleketal., 1994. Methods Mol. 
Biol., 28:253-260; and Sambrook et al., 1989, sup/a). Preferably, 
amplification will be carried out using PCR. 

25 Polymerase chain reaction (PCR) is carried out in 

accordance with known techniques. See, e.g., U.S. Pat. Nos. 4,683,195; 
4.683,202; 4,800,159; and 4,965,188 (the disclosures of all three U.S. 
Patent are incorporated herein by reference). In general, PCR involves, a 
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treatment of a nucleic acid sample (e.g., in the presence of a heat stable 
DNA polymerase) under hybridizing conditions, with one oligonucleotide 
primer for each strand of the specific sequence to be detected. An 
extension product of each primer which is synthesized is complementary 
5 to each of the two nucleic acid strands, with the primers sufficiently 
complementary to each strand of the specific sequence, to hybridize 
therewith. The extension product synthesized from each primer can also 
serve as a template for further synthesis of extension products using the 
same primers. Following a sufficient number of rounds of synthesis of 

10 extension products, the sample is analyzed to assess whether the 
sequence or sequences to be detected are present. Detection of the 
amplified sequence may be carried out by visualization following EtBr 
staining of the DNA following gel electrophores, or using a detectable label 
in accordance with known techniques, and the like. For a review on PCR 

1 5 techniques (see PCR Protocols, A Guide to Methods and Amplifications, 
Michael et al. Eds, Acad. Press, 1990). 

Ligase chain reaction (LCR) is carried out in accordance 
with known techniques (Weiss, 1991, Science 254:1292). Adaptation of 
the protocol to meet the desired needs can be carried out by a person of 

20 ordinary skill. Strand displacement amplification (SDA) is also carried out 
in accordance with known techniques or adaptations thereof to meet the 
particular needs (Walker et al., 1992, Proc. Natl. Acad. Sci. USA 
89:392-396; and ibid., 1992, Nucleic Acids Res. 20:1691-1696). 

As used herein, the term "gene" is well known in the art 

25 and relates to a nucleic acid sequence defining a single protein or 
polypeptide. A "structural gene" defines a DNA sequence which is 
transcribed into RNA and translated into a protein having a specific amino 
acid sequence thereby giving rise to a specific polypeptide or protein. It will 
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be readily recognized by the person of ordinary skill, that the nucleic acid 
sequence of the present invention can be incorporated into anyone of 
numerous established kit formats which are well known in the art. 

A "heterologous" (e.g. a heterologous gene) region of a 
5 DNA molecule is a subsegment of DNA within a larger segment that is not 
found in association therewith in nature. The term "heterologous" can be 
similarly used to define two polypeptidic segments not joined together in 
nature. Non-limiting examples of heterologous genes include reporter 
genes such as luciferase, chloramphenicol acetyl transferase, p- 
10 galactosidase, and the like which can be juxtaposed or joined to 
heterologous control regions or to heterologous polypeptides. 

The term "vector" is commonly known in the art and 
defines a plasmid DNA, phage DNA, viral DNA and the like, which can 
serve as a DNA vehicle into which DNA of the present invention can be 
1 5 cloned. Numerous types of vectors exist and are well known in the art. 

The term "expression" defines the process by which a 
gene is transcribed into mRNA (transcription), the mRNA is then being 
translated (translation) into one polypeptide (or protein) or more. 

The terminology "expression vector" defines a vector or 
20 vehicle as described above but designed to enable the expression of an 
inserted sequence following transformation into a host. The cloned gene 
(inserted sequence) is usually placed under the control of control element 
sequences such as promoter sequences. The placing of a cloned gene 
under such control sequences is often referred to as being operably linked 
25 to control elements or sequences. 

Operably linked sequences may also include two 
segments that are transcribed onto the same RNA transcript. Thus, two 
sequences, such as a promoter and a "reporter sequence" are operably 
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linked if transcription commencing in the promoter will produce an RNA 
transcript of the reporter sequence. In order to be "operably linked" it is 
not necessary that two sequences be immediately adjacent to one 
another. 

5 Expression control sequences will vary depending on 

whether the vector is designed to express the operably linked gene in a 
prokaryotic or eukaryotic host or both (shuttle vectors) and can additionally 
contain transcriptional elements such as enhancer elements, termination 
sequences, tissue-specificity elements, and/or translational initiation and 
10 termination sites. 

Prokaryotic expressions are useful for the preparation of 
large quantities of the protein encoded by the DNA sequence of interest. 
This protein can be purified according to standard protocols that take 
advantage of the intrinsic properties thereof, such as size and charge (e.g. 
15 SDS gel electrophoresis, gel filtration, centrifugation, ion exchange 
chromatography...). In addition, the protein of interest can be purified via 
affinity chromatography using polyclonal or monoclonal antibodies. The 
purified protein can be used for therapeutic applications, screening assays 
or the like. 

20 The DNA construct can be a vector comprising a 

promoter that is operably linked to an oligonucleotide sequence of the 
present invention, which is in turn, operably linked to a heterologous gene, 
such as the gene for the luciferase reporter molecule. "Promoter" refers 
to a DNA regulatory region capable of binding directly or indirectly to RNA 

25 polymerase in a cell and initiating transcription of a downstream (3' 
direction) coding sequence. For purposes of the present invention, the 
promoter is bound at its 3' terminus by the transcription initiation site and 
extends upstream (5' direction) to include the minimum number of bases 
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or elements necessary to initiate transcription at levels detectable above 
background. Within the promoter will be found a transcription initiation site 
(conveniently defined by mapping with S1 nuclease), as well as protein 
binding domains (consensus sequences) responsible for the binding of 
5 RNA polymerase. Eukaryotic promoters will often, but not always, contain 
"TATA" boxes and "CCAT boxes. Prokaryotic promoters contain -10 and 
-35 consensus sequences, which serve to initiate transcription and the 
transcript products contain Shine-Dalgarno sequences, which serve as 
ribosome binding sequences during translation initiation. 

10 As used herein, the designation "functional derivative" 

denotes, in the context of a functional derivative of a sequence whether 
a nucleic acid or amino acid sequence, a molecule that retains a biological 
activity (either function or structural) that is substantially similar to that of 
the original sequence. This functional derivative or equivalent may be a 

15 natural derivative or may be prepared synthetically. In one embodiment, 
the derivative may be a homolog of one of the human sequences (or parts 
thereof) of the present invention. The derivatives include amino acid 
sequences having substitutions, deletions, or additions of one or more 
amino acids, provided that the biological activity of the protein is 

20 conserved. The same applies to derivatives of nucleic acid sequences 
which can have substitutions, deletions, or additions of one or more 
nucleotides, provided that the biological activity of the sequence is 
generally maintained. One non-limiting example of maintenance of 
biological activity includes a CI-MPR derivative which enables at least one 

25 of binding and internalization of grB. When relating to a protein sequence, 
the substituting amino acid generally has chemico-physical properties 
which are similar to that of the substituted amino acid. The similar 
chemico-physical properties include, similarities in charge, bulkiness, 
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hydrophobicity, hydrophylicity and the like. Conservative amino acid 
substitutions are well-known in the art. For example, amino acids 
considered to be within the same group are usually considered 
conservative substitutions. One such categorization includes six different 
5 groups of amino acids: aromatic, hydrophobic, polar, basic, acidic and 
small. Thus, for example, substituting a hydrophobic amino acid such as 
leucine by another, such as isoleucine, is considered a conservative 
substitution. The term "functional derivatives" is intended to include 
"fragments", "segments", "variants", "analogs" or "chemical derivatives" of 

1 0 the subject matter of the present invention. 

Thus, the term "variant" refers herein to a protein or 
nucleic acid molecule which is substantially similar in structure and 
biological activity to the protein or nucleic acid of the present invention. 

The functional derivatives of the present invention can be 

1 5 synthesized chemically or produced through recombinant DNA technology. 
All these methods are well known in the art. 

As used herein, "chemical derivatives" is meant to cover 
additional chemical moieties not normally part of the subject matter of the 
invention. Such moieties could affect the physico-chemical characteristic 

20 of the derivative (e.g. solubility, absorption, half life, decrease of toxicity 
and the like). Such moieties are exemplified in Remington's 
Pharmaceutical Sciences (1980). Methods of coupling these chemical- 
physical moieties to a polypeptide or nucleic acid sequence are well 
known in the art. 

25 The term "allele" defines an alternative form of a gene 

which occupies a given locus on a chromosome. 

As commonly known, a "mutation" is a detectable change 
in the genetic material which can be transmitted to a daughter cell. As well 
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known, a mutation can be, for example, a detectable change in one or 
more deoxyribonucleotide. For example, nucleotides can be added, 
deleted, substituted for, inverted, or transposed to a new position. 
Spontaneous mutations and experimentally induced mutations exist. A 
5 mutant polypeptide can be encoded from this mutant nucleic acid 
molecule. 

As used herein, the term "purified" refers to a molecule 
having been separated from a cellular component. Thus, for example, a 
"purified protein" has been purified to a level not found in nature. A 

10 "substantially pure" molecule is a molecule that is lacking in most other 
cellular components. 

As used herein, the terms "molecule", "compound", 
"agent" or "ligand b are used interchangeably and broadly to refer to 
natural, synthetic or semi-synthetic molecules or compounds. The term 

1 5 "molecule" therefore denotes for example chemicals, macromolecules, cell 
or tissue extracts (from plants or animals) and the like. Non-limiting 
examples of molecules include nucleic acid molecules, peptides, 
antibodies, carbohydrates and pharmaceutical agents. The agents can be 
selected and screened by a variety of means including random screening, 

20 rational selection and by rational design using for example protein or 
ligand modeling methods such as computer modeling. The terms 
"rationally selected" or "rationally designed" are meant to define 
compounds which have been chosen based on the configuration of 
interacting domains of the present invention. In one particular 

25 embodiment, a rational design of a molecule based on M6P and 
preferably a polyM6P (or polyM6P-containing protein or peptide) would be 
carried-out As will be understood by the person of ordinary skill, 
macromolecules having non-naturally occurring modifications are also 
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within the scope of the term "molecule". For example, peptidomimetics, 
well known in the pharmaceutical industry and generally referred to as 
peptide analogs can be generated by modeling as mentioned above. 
Similarly, in a preferred embodiment, the polypeptides of the present 
5 invention are modified to enhance their stability. It should be understood 
that in most cases this modification should not alter the biological activity 
of the interaction domain. The molecules identified in accordance with the 
teachings of the present invention have a therapeutic value in diseases or 
conditions in which the physiology or homeostasis of the cell and/or tissue 

10 is compromised by a perturbation, for example of the binding, 
internalization and/or downstream activity of grB. In one particular 
embodiment, the physiology of the cell is compromised by a defect in the 
triggering, of grB-dependent apoptosis. Alternatively, the molecules 
identified in accordance with the teachings of the present invention find 

15 utility in the development of more efficient modulators of grB 
internalization in cells. 

As used herein, agonists and antagonists of grB-MDR 
interaction, for example, also include potentiators of known compounds 
with such agonist or antagonist properties on IGF II receptor. In one 

20 embodiment, agonists can be detected by contacting the indicator cell with 
a compound or mixture or library of molecules for a fixed period of time 
and determining any one of biological features associated with the 
interaction assayed. In one particular embodiment, the effect of the 
compound or compounds in apoptosis is monitored. 

25 The level of gene expression of the reporter gene (e.g. 

the level of luciferase l or P-gal, produced) within the treated cells can be 
compared to that of the reporter gene in the absence of the molecules(s). 
The difference between the levels of gene expression indicates whether 
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the molecule(s) of interest modulates the level of expression of the 
reporter gene product expressed. The level of modulation (treated vs. 
untreated cells) provides a relative indication of the strength of that 
molecule(s) as a modulator. 
5 An indicator cell in accordance with the present invention 

can be used to identify antagonists. For example, the test molecule or 
molecules are incubated with the host cell in conjunction with one or more 
agonists held at a fixed concentration. An indication and relative strength 
of the antagonistic properties of the molecule(s) can be provided by 

1 0 comparing the level of gene expression or activity of the encoded protein 
in the indicator cell in the presence of the agonist, in the absence of test 
molecules versus in the presence thereof. Of course, the antagonistic 
effect of a molecule can also be determined in the absence of agonist, 
simply by comparing the level of expression or activity of the reporter gene 

1 5 product in the presence and absence of the test molecule(s). 

It shall be understood that the B /n vivo" experimental 
model can also be used to carry out an "in vitro" assay. For example, 
cellular extracts from the indicator cells can be prepared and used in one 
of the aforementioned tt in vitro" tests. 

20 As used herein the recitation "indicator cells" refers to 

cells that express one of the nucleic acids of the present invention. In one 
particular embodiment, the indicator cell expresses CI-MPR (or domain 
which interacts with grB) and grB (or the domain thereof which interacts 
with CI-MPR), and wherein an interaction between these proteins or 

25 interacting domains thereof, is coupled to an identifiable or selectable 
phenotype or characteristic such that it provides an assessment of the 
interaction between same. Such indicator cells can be used in the 
screening assays of the present invention. In certain embodiments, the 
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indicator cells have been engineered so as to express a chosen derivative, 
fragment, homolog, or mutant of these interacting proteins or domains. 
The cells can be yeast cells or higher eukaryotic cells such as mammalian 
cells (WO 96/41 169). In view of the post-translational modifications of the 
5 factors involved in grB-mediated apoptosis, mammalian cells will be 
preferred for certain assays. Of course, yeast cells could also be used. In 
one such embodiment, the indicator cell is a yeast cell harboring vectors 
enabling the use of the two hybrid system technology, as well known in the 
art (Ausubel et al., 1994, supra) and can be used to test a compound or 

10 a library thereof. In one embodiment a reporter gene encoding a 
selectable marker or an assayable protein can be operably linked to a 
control element such that expression of the selectable marker or 
assayable protein is dependent on the interaction of the grB and CI-MPR 
interacting domains. Such an indicator cell could be used to rapidly screen 

15 at high-throughput a vast array of test molecules. In a particular 
embodiment, the reporter gene is luciferase or (3-Gal. At least one of these 
two interaction domains of the present invention may be provided as a 
fusion protein. The design of constructs therefor and the expression and 
production of fusion proteins are well known in the art (Sambrook et al., 

20 1989, supra: and Ausubel et al., 1994, supra). In one embodiment, both 
interaction domains are part of fusion proteins. In one such embodiment, 
the fusions are a LexA-grB fusion (DNA-binding domain - grB; bait) and a 
B42-CI-MPR fusion (transactivator domain-CI-MPR; prey). Such LexA-grB 
and B42-CI-MPR fusion proteins can be expressed in a yeast cell also 

25 harboring a reporter gene operably linked to a LexA operator and/or LexA 
responsive element. 

Non limiting examples of fusion proteins include 
hemaglutinin fusions and Gluthione-S-transferase (GST) fusions and 
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Maltose binding protein (MBP) fusions. In certain embodiments, it might 
be beneficial to introduce a protease cleavage site between the two 
polypeptide sequences which have been fused. Such protease cleavage 
sites between two heterologous^ fused polypeptides are well known in the 
5 art. 

In certain embodiments, it might also be beneficial to fuse 
the interaction domains of the present invention to signal peptide 
sequences enabling a secretion of the fusion protein from the host cell. 
Signal peptides from diverse organisms are well known in the art. 

10 Bacterial OmpA and yeast Suc2 are two non limiting 

examples of proteins containing signal sequences. Of course, the signal 
sequences of the proteins of the present invention could also be used. In 
certain embodiments, it might also be beneficial to introduce a linker 
(commonly known) between the interaction domain and the heterologous 

15 polypeptide portion. Such fusion protein find utility in the assays of the 
present invention as well as for purification purposes, detection purposes 
and the like. 

For certainty, the sequences and polypeptides useful to 
practice the invention include without being limited thereto mutants, 

20 homologs, subtypes, alleles and the like. It shall be understood that 
generally, the sequences of the present invention should encode a 
functional (albeit defective) interaction domain. It will be clear to the 
person of ordinary skill that whether an interaction domain of the present 
invention, variant, derivative, or fragment thereof retains its function in 

25 binding to one of its partners can be readily determined by using the 
teachings and assays of the present invention and the general teachings 
of the art. 
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As exemplified herein below, the interaction domains of 
the present invention can be modified, for example by in vitro 
mutagenesis, to dissect the structure-function relationship thereof and 
permit a better design and identification of modulating compounds. 
5 However, some derivative or analogs having lost their biological function 
of interacting with their respective interaction partner (in the case of grB, 
the interaction partner includes caspase 3 and CD-MPR, preferably Cl- 
MPR) may still find utility, for example for raising antibodies. Such analogs 
or derivatives could be used for example to raise antibodies to the 

10 interaction domains of the present invention. These antibodies could be 
used for detection or purification purposes. In addition, these antibodies 
could also act as competitive or non-competitive inhibitor and be found to 
be modulators of grB-CI-MPR interaction. 

A host cell or indicator cell has been "transfected" by 

15 exogenous or heterologous DNA (e.g. a DNA construct) when such DNA 
has been introduced inside the cell. The transfecting DNA may or may not 
be integrated (covalently linked) into chromosomal DNA making up the 
genome of the cell. In prokaryotes, yeast, and mammalian cells for 
example, the transfecting DNA may be maintained on a episomal element 

20 such as a plasmid. With respect to eukaryotic cells, a stably transfected 
cell is one in which the transfecting DNA has become integrated into a 
chromosome so that it is inherited by daughter cells through chromosome 
replication. This stability is demonstrated by the ability of the eukaryotic 
cell to establish cell lines or clones comprised of a population of daughter 

25 cells containing the transfecting DNA. Transfection methods are well 
known in the art (Sambrook et al., 1989, supra; Ausubel et al., 1994 
supra). The use of a mammalian cell as indicator can provide the 
advantage of furnishing an intermediate factor, which permits for example 
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the interaction of two polypeptides which are tested, that might not be 
present in lower eukaryotes or prokaryotes. Of course, such an advantage 
might be rendered moot if both polypeptide tested directly interact It will 
be understood that extracts from mammalian cells for example could be 
5 used in certain embodiments, to compensate for the lack of certain 
factors. 

The present invention also provides antisense nucleic 
acid molecules which can be used for example to decrease or abrogate 
the expression of the nucleic acid sequences or proteins of the present 

10 invention. An antisense nucleic acid molecule according to the present 
invention refers to a molecule capable of forming a stable duplex or triplex 
with a portion of its targeted nucleic acid sequence (DNA or RNA). The 
use of antisense nucleic acid molecules and the design and modification 
of such molecules is well known in the art as described for example in WO 

15 96/32966, WO 96/11266, WO 94/15646, WO 93/08845 and 
USP 5,593,974. Antisense nucleic acid molecules according to the 
present invention can be derived from the nucleic acid sequences and 
modified in accordance to well known methods. For example, some 
antisense molecules can be designed to be more resistant to degradation 

20 to increase their affinity to their targeted sequence, to affect their transport 
to chosen cell types or cell compartments, and/or to enhance their lipid 
solubility by using nucleotide analogs and/or substituting chosen chemical 
fragments thereof, as commonly known in the art. Non-limiting examples 
of anti-sense which can be used in the context of the present invention 

25 include CD-MPR or CI-MPR antisense molecules. 

This invention now establishes, for the first time, that CI- 
MPR, is directly responsible for binding and internalizing grB in animals 
and more particularly in humans. Further, this discovery strongly suggests 
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applicability for treating diseases or conditions associated with a 
deregulated internalization of grB, and notably cancer. It is therefore an 
object of this invention to provide screening assays using CI-MPR or parts 
5 thereof which can identify compounds which have therapeutic benefit for 
such diseases or conditions. This invention also claims those compounds, 
the use of these compounds in such diseases or conditions, and any use 
of any compounds identified using such a screening assay in such 
diseases or conditions. 

1 0 Generally, high throughput screens for CI-MPR receptor 

modulators i.e. candidate or test compounds or agents (e.g., peptides, 
peptidomimetics, small molecules or other drugs) may be based on 
assays which measure biological activity of CI-MPR (or grB). The invention 
therefore provides a method (also referred to herein as a "screening 

15 assay") for identifying modulators, which have a stimulatory or inhibitory 
effect on, for example, CI-MPR biological activity or expression, or which 
bind to or interact with CI-MPR proteins, or which have a stimulatory or 
inhibitory effect on, for example, the expression or activity of CI-MPR 
interacting proteins (targets) or substrates. In one embodiment, the 

20 screening assay is set-up to identify modulators of CI-MPR-grB 
interaction. 

Examples of methods available for cell-based assays and 
instrumentation for screening including high-throughput screens for the 
biological activity of the present invention are shown hereinbelow. 
25 Numerous types of assays and screens are known in the art and can be 
adapted to the genes, proteins and biological activities of the present 
invention. Such assays include a determination of the expression level and 
externalization level of CI-MPR that can be measured in a cell line 
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(recombinant or non-recombinant) using fluorescence-based assays, 
nucleic acid probes, FACS and the like. Other assays measure labeled 
grB or other molecules internalized by CI-MPR in cells (recombinant or 
non-recombinant). 

5 In one embodiment, the invention provides assays for 

screening candidate or test compounds which interact with substrates of 
a CI-MPR protein or biologically active portion thereof. 

In another embodiment, the invention provides assays for 
screening candidate or test compounds which bind to or modulate the 

10 activity of a CI-MPR protein or polypeptide or biologically active portion 
thereof. In a particular embodiment, such assays screen for compounds 
which modulate CI-MPR interaction with M6P-containing molecules (e.g. 
proteins, peptides or mimetics thereof). 

In one embodiment, an assay is a cell-based assay in 

15 which a cell which expresses a CI-MPR protein or biologically active 
portion thereof, either natural or recombinant in origin, is contacted with 
a test compound and the ability of the test compound to modulate CI-MPR 
biological activity, e.g. binding and/or internalization of M6P-containing 
molecule [e.g. grB, grA, IGF-II], or binding to a M6P-containing molecule 

20 or a portion thereof, or any other measurable biological activity of CI-MPR 
is determined. Determining the ability of the test compound to modulate 
CI-MPR activity can be accomplished by monitoring, for example, an 
apoptotic marker such as DNA fragmentation, from a cell which expresses 
CI-MPR upon exposure of the test compound to the cell. Furthermore, 

25 determining the ability of the test compound to modulate CI-MPR activity 
can be accomplished by monitoring, for example, phosphatidylserine 
extemalization* caspase 3 activation, from a cell which expresses CI-MPR 
upon exposure to a test compound. Assays used to monitor apoptotic 
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markers in cells. CTL-killing and the like, can be adapted to identify 
modulators of CI-MPR function on these biological activities. 

Determining the ability of the test compound to modulate 
binding of CI-MPR to a substrate (e.g. M6P-containing substrate) can be 
5 accomplished, for example, by coupling the CI-MPR-interacting agent or 
substrate with a radioisotope or enzymatic label such that binding of the 
CI-MPR substrate or agent to CI-MPR can be determined by detecting the 
labeled CI-MPR substrate in a complex. For example, compounds (e.g., 
CI-MPR agents or substrates) can be labeled with 125 1, 35 S, 14 C, or 3 H, 
10 either directly or indirectly, and the radioisotope detected by direct 
counting radio-emission or by scintillation counting. Alternatively, 
compounds can be enzymatically labeled with, for example, horseradish 
peroxidase or alkaline phosphatase. In these assays, compounds which 
inhibit or increase substrate binding to CI-MPR are useful for the 
1 5 therapeutic objectives of the invention. 

It is also within the scope of this invention to determine 
the ability of a compound (e.g. CI-MPR substrate) to interact with CI-MPR 
without the labeling of any of the interactants. 

In another embodiment, the assay is a cell-based assay 
20 comprising a contacting of a cell containing a target molecule or ligand 
(e.g. another molecule, substrate or protein that interacts with or binds to 
CI-MPR) with a test compound and determining the ability of the test 
compound to indirectly modulate (e.g. stimulate or inhibit) the biological 
activity of CI-MPR by binding or interacting with the target molecule. 
15 Determining the ability of the test compound to indirectly modulate the 
activity of CI-MPR can be accomplished, for example, by determining the 
ability of the test compound to bind to or interact with the target molecule 
and thereby to indirectly modulate CI-MPR, to modulate grB 
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internalization, or to modulate other biological activities of CI-MPR. In a 
preferred embodiment, the cell-based assay comprises a contacting of a 
cell containing CI-MPR or functional parts thereof and an M6P-containing 
molecule (e.g. grB) with a test compound and determining the ability of the 
5 test compound to directly modulate (e.g. stimulate or inhibit) the biological 
activity of CI-MPR by modulating the interaction between CI-MPR or 
functional parts thereof and the M6P-containing molecule. Determining the 
ability of the CI-MPR protein or a biologically active fragment thereof, to 
bind to or interact with the target molecule or M6P-containing molecule 
0 can be accomplished by one of the methods described above or known 
in the art for determining direct binding. In one embodiment, determining 
the ability of the test compound's ability to bind to or interact with the 
target molecule or preferably to modulate the interaction between CI-MPR 
(or biologically active portion thereof) and on M6P-containing molecule 
5 (preferably grB) and thereby to modulate the CI-MPR protein can be 
accomplished by determining a secondary activity of the target molecule 
or of an internalized M6P-containing protein or molecule (e.g. through IGF- 
II). For example, the activity of the target molecule can be determined by 
detecting induction of a cellular second messenger of the target, detecting 
) catalytic/enzymatic activity of the target on an appropriate substrate, 
detecting the induction of a reporter gene or detecting a target-regulated 
cellular response. Alternatively, recombinant cell lines may employ 
recombinant reporter proteins which respond, either directly or indirectly 
to such secondary messengers, as known in the art. 
' In yet another embodiment, an assay of the present 

invention is a cell-free assay in which a CI-MPR protein or biologically 
active portion thereof, either naturally occurring or recombinant in origin, 
is contacted with a test compound and the ability of the test compound to 
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bind to, or otherwise modulate the biological activity of, the CI-MPR 
protein or biologically active portion thereof is determined. Preferred 
biologically active portions of the CI-MPR proteins to be used in assays of 
the present invention include fragments which participate in interactions 
5 with M6P-containing molecules (e.g. M6P-containing proteins) or 
fragments thereof. Binding of the test compound to the CI-MPR protein 
can be determined either directly or indirectly as described above. In a 
preferred embodiment, the assay includes contacting the CI-MPR protein 
or biologically active portion thereof with a known compound which binds 

1 0 CI-MPR to form an assay mixture, contacting the assay mixture with a test 
compound, and determining the ability of the test compound to interact 
with a CI-MPR protein, wherein determining the ability of the test 
compound to interact with a CI-MPR protein comprises determining the 
ability of the test compound to preferentially bind to CI-MPR or biologically 

1 5 active portion thereof as compared to the known compound. 

In another embodiment, the assay is a cell-free assay in 
which a CI-MPR protein or biologically active portion thereof is contacted 
with a test compound and the ability of the test compound to modulate 
(e.g., stimulate or inhibit) the activity of the CI-MPR protein or biologically 

20 active portion thereof is determined. Determining the ability of the test 
compound to modulate the activity of a CI-MPR protein can be 
accomplished, for example, by determining the ability of the CI-MPR 
protein to bind to a M6P-containing target molecule by one of the methods 
described above for determining direct binding. Determining the ability of 

25 the CI-MPR protein to bind to a M6P-containing target molecule can also 
be accomplished using a technology such as real-time Biomolecular 
Interaction Analysis (BIA, Sjolander, S. and Urbaniczky, C. (1991) Anal. 
Chem. 63:2338-2345 and Szabo et al (1995) Curr. Opin. Struct. BioL 



WO 02/34910 



PCT/CA01/01521 



-49- 



5:699- 705). As used herein, "BIA" refers to a technology for studying 
biospecrfic interactions in real time, without labeling any of the interactants 
(e.g. BIA core). Changes in the optical phenomenon of surface plasmon 
resonance (SPR) can be used as an indication of real-time reactions 
5 between biological molecules. 

In an alternative embodiment, determining the ability of 
the test compound to modulate the activity of a CI-MPR protein can be 
accomplished by determining the ability of the test compound to modulate 
the activity of an upstream or downstream effector of a CI-MPR or M6P- 

1 0 containing target molecule. For example, the activity of the test compound 
on the effector molecule can be determined or the binding of the effector 
to CI-MPR can be determined as previously described. 

The cell-free assays (as well as cell-based, as 
exemplified herein) of the present invention are amenable to use of both 

1 5 soluble and/or membrane-bound forms of isolated proteins. In the case of 
cell-free assays in which a membrane-bound form of an isolated protein 
is used, it may be desirable to utilize a solubilizing agent such that the 
membrane-bound form of the isolated protein is maintained in solution. 
Examples of such solubilizing agents include non-ionic detergents such as 

20 n-octylglucoside, n-dodecylglucoside, n- dodecylmaltoside, octanoyl-N- 
methylglucamide, decanoyl- N -methylglucamide, Triton® X-IOO, 
Triton®X-114, Thesit®, lsotridecypoly(ethylene glycol ether)n. 3-[(3- 
cholamidopropyl)dimethy-amino]-l-propane sulfonate (CHAPS), 3-[(3- 
cholamidopropyl)dimethylamino . ]-2-hydroxy-l-propane sulfonate 

25 (CHAPSO), or N-dodecyl-N^-dimethyl-S-ammnonio-l-propane sulfonate. 

In more than one embodiment of the above assay 
methods of the present invention, it may be desirable to immobilize either 
CI-MPR or its target molecule or ligand to facilitate separation of 
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10 



complexed from uncomplexed forms of one or both of the proteins, as well 
as to accommodate automation of the assay. Binding of a test compound 
to a CI-MPR protein or interaction of a CI-MPR protein with a target 
molecule or ligand in the presence and absence of a candidate 
compound, can be accomplished in any vessel suitable for containing the 
reactants. Examples of such vessels include microtitre plates, test tubes 
and micro-centrifuge tubes. In one embodiment a fusion protein can be 
provided which adds a domain that allows one or both of the proteins to 
be bound to a matrix. For example. glutathione-S-transferase/CI-MPR 
fusion proteins or glutathione-S-transferase/target fusion proteins (e.g. 
glutathione-S-transferase/grB proteins) can be adsorbed onto glutathione 
sepharose beads (Sigma Chemical, St. Louis, MO) or glutathione 
derivatized microtitre plates, which are then combined with the test 
compound or the test compound and either the non-adsorbed target 
15 protein or CI-MPR protein and the mixture incubated under conditions 
conducive to complex formation (e.g. at physiological conditions for salt 
and pH). Following incubation the beads or microtitre plate wells are 
washed to remove any unbound components, the matrix immobilized in 
the case of beads, complex determined either directly or indirectly, for 
example, as described above. Alternatively, the complexes can be 
dissociated from the matrix, and the level of CI-MPR binding or activity 
determined using standard techniques. 

Other techniques for immobilizing proteins on matrices 
(and well-known in the art) can also be used in the screening assays of 
25 the invention. For example, either a CI-MPR protein or a CI-MPR target 
molecule or ligand can be immobilized utilizing conjugation of biotin and 
streptavidin. Biotinylated CI-MPR protein or target molecules or ligand can 
be prepared from biotin-NHS (N-hydroxy-succinimide) using techniques 



20 
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known in the art (e.g., biotinylation kit, Pierce Chemicals, Rockford, IL), 
and immobilized in the wells of streptavidin-coated 96 well plates (Pierce 
Chemical). Alternatively, antibodies reactive with CI-MPR protein, target 
molecules or ligand but which do not interfere with binding of the CI-MPR 
5 protein to its target molecule or ligand can be derivatized to the wells of 
the plate, and unbound target or CI-MPR protein trapped in the wells by 
antibody conjugation. Methods for detecting such complexes, in addition 
to those described above for the GST-immobilized complexes, include 
immunodetection of complexes using antibodies reactive with the CI-MPR 

1 0 protein or target molecule, as well as enzyme-linked assays which rely on 
detecting an enzymatic activity associated with the CI-MPR protein or 
target molecule and in particular with grB. 

In a preferred embodiment, candidate or test compounds 
or agents are tested for their ability to inhibit or stimulate a CI-MPR 

1 5 molecule's ability to modulate M6P-containing protein transport in a cell 
(such assays are described in for example Komada et al. 1999, Genes 
Dev.13(11):1475-85, and Roth et al. 1999, Chem. Phys. Lipids. 
98(12):141-52). 

In another embodiment candidate, or test compounds or 
20 agents are tested for their ability to inhibit or stimulate or regulate the 
phosphorylation state of a CI-MPR protein or portion thereof, or an 
upstream or downstream target protein, and more particularly a M6P- 
containing protein and especially grB using for example an in vitro kinase 
assay. 

25 In another preferred embodiment, candidate or test 

compounds or agents are tested for their ability to inhibit or stimulate a CI- 
MPR molecule's ability to associate with (e.g. bind) mannose-6- 
phosphatase or multivalent M6P-containing molecules. 
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In another embodiment, modulators of CI-MPR 
expression are identified in a method wherein a cell is contacted with a 
candidate compound and the expression of CI-MPR mRNA or protein in 
the cell is determined. The level of expression of CI-MPR mRNA or protein 
5 in the presence of the candidate compound is compared to the level of 
expression of CI-MPR mRNA or protein in the absence of the candidate 
compound. The candidate compound can then be identified as a 
modulator of CI-MPR expression based on this comparison. For example, 
when expression of CI-MPR mRNA or protein is greater (statistically 

10 significantly greater) in the presence of the candidate compound than in 
its absence, the candidate compound is identified as a stimulator of CI- 
MPR mRNA or protein expression. The level of CI-MPR mRNA or protein 
expression in the cells can be determined by methods described herein 
or other methods known in the art for detecting CI-MPR mRNA or protein. 

15 In view of the importance of the externalized localization of CI-MPR in 
effecting internalization of grB, a determination of the cellular localization 
of CI-MPR in the cell is preferable. In another embodiment, modulators of 
CI-MPR traficking are identified by comparing the cellular localization of 
CI-MPR in the cell (e.g. at the surface thereof) in the presence versus in 

20 the absence of a candidate compound. 

The assays described above may be used as initial or 
primary screens to detect promising lead compounds for further 
development. Often, lead compounds will be further assessed in 
additional, different screens. Therefore, this invention also includes 

25 secondary CI-MPR screens which may involve biological assays utilizing 
animal or mammalian cell lines expressing CI-MPR. 

Tertiary screens may involve the study of graft rejection 
as exemplified herein. Accordingly, it is within the scope of this invention 
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to further use an agent identified as described herein in an appropriate 
animal model. For example, an test compound identified as described 
herein (e.g., a CI-MPR modulating agent, an antisense CI-MPR nucleic 
acid molecule or conversaly anti-CI-MPR nucleic acid molecule, a CI- 
5 MPR-specific antibody, or a CI-MPR-binding partner) can be used in an 
animal model to determine the efficacy, toxicity, or side effects of 
treatment with such an agent. Alternatively, an agent identified as 
described herein can be used in an animal model to determine the 
mechanism of action of such an agent. Furthermore, this invention 

10 pertains to uses of novel agents identified by the above-described 
screening assays for treatment (e.g. cancer, auto-immune diseases, viral 
infections and other diseases associated with a deregulation of grB 
internalization in cells), as described herein. 

The test compounds of the present invention can be 

15 obtained using any of the numerous approaches in combinatorial library 
methods known in the art, including: biological libraries; spatially 
addressable parallel solid phase or solution phase libraries; synthetic 
library methods requiring deconvolution; the 'one-bead one-compound' 
library method; and synthetic library methods using affinity 

20 chromatography selection. The biological library approach is limited to 
peptide libraries, while the other four approaches are applicable to 
peptide, non-peptide oligomer or small molecule libraries of compounds 
(Lam, Anticancer Drug Des. 12: 145, 1997). Examples of methods for the 
synthesis of molecular libraries can be found in the art, for example in: 

25 DeWitt et aK (1993) Proc. Natl. Acad. ScL USA. 90:6909; Erb et al. (1994) 
Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et al. ( 1994), J. Med. 
Chem. 37:2678; Cho et al. (1993) Science 261 :1303; Carrell et al. (1994) 
Angew. Chem, Int. Ed Engl. 33:2059; Carell et al. (1994) Angew. Chem. 
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Jnl. Ed. Engl. 33:2061; and in Gallop et al. (1994). Med Chem. 37:1233. 
Libraries of compounds may be presented in solution (e.g.. Houghten 

(1992) Biotechniques 13:412-421 ). or on beads (Lam (199] ) Nature 
354:82-84), chips (Fodor (1993) Nature 364:555-556). bacteria (Ladner 

5 USP 5.223,409), spores (Ladner USP '409), plasmids (Cull et al.(1992) 
Proc Natl Acad Sci USA 89:1865-1869) or on phage (Scott and Smith ( 
1990); Science 249:386-390). Examples of methods for the synthesis of 
molecular libraries can be found in the art, for example in: DeWitt et al. 

(1993) Proc. Natl. Acad. Sci. USA. 90:6909; Erb et al. (1994) Proc. Natl. 
10 Acad .Sci. USA 91: 11422; Zuckermann et al. (1994), J: Med. Chem. 

37:2678; Cho et al. (1993), Science 261 :1303; Carrell et al. (1994) 
Angew. Chem Int. Ed. Engl. 33:2059, or luciferase, and the enzymatic 
label detected by determination of conversion of an appropriate substrate 
to product. 

1 5 In summary, based on the disclosure herein, those skilled 

in the art can develop CI-MPR screening assays which are useful for 
identifying compounds which are useful for treating or preventing 
diseases, disorders or conditions associated with a deregulation or 
abnormal internalization of granzyme B in cells. The assays of this 

20 invention may be developed for low-throughput, high-throughput, or ultra- 
high throughput screening formats. 

The assays of this invention employ either natural or 
recombinant CI-MPR protein (or grB protein and other ligands thereof or 
of CI-MPR). Cell fraction or cell free screening assays for modulators of 

25 CI-MPR biological activity can use in situ, purified, or purified recombinant 
CI-MPR proteins. Cell based assays can employ cells which express CI- 
MPR protein naturally, or which contain recombinant CI-MPR gene 
constructs, which constructs may optionally include inducible promoter 
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sequences. In all cases, the biological activity of CI-MPR can be directly 
or indirectly measured; thus modulators of CI-MPR biological activity can 
be identified. The modulators themselves may be further modified by 
standard combinatorial chemistry techniques to provide improved analogs 
5 of the originally identified compounds. 

In general, techniques for preparing antibodies (including 
monoclonal antibodies and hybridomas) and for detecting antigens using 
antibodies are well known in the art (Campbell, 1984, In "Monoclonal 
Antibody Technology: Laboratory Techniques in Biochemistry and 

10 Molecular Biology", Elsevier Science Publisher, Amsterdam, The 
Netherlands) and in Harlow et al., 1988 (in: Antibody- A Laboratory 
Manual, CSH Laboratories). The present invention also provides 
polyclonal, monoclonal antibodies, or humanized versions thereof, 
chimeric antibodies and the like which inhibit or neutralize their respective 

1 5 interaction domains and/or are specific thereto. 

From the specification and appended claims, the term 
therapeutic agent should be taken in a broad sense so as to also include 
a combination of at least two such therapeutic agents. Further, the DNA 
segments or proteins according to the present invention can be introduced 

20 into individuals in a number of ways. For example, the DNA construct can 
be administered directly to the afflicted individual, for example, by injection 
in the bone marrow. The DNA construct can also be delivered through a 
vehicle such as a liposome or viral vector (e.g. adenoviral vector), which 
can be designed to be targeted to a specific cell type, and engineered to 

25 be administered through different routes. In one particular embodiment, 
the DNA construct would enable expression of CI-MPR to enable an 
increased internalization of grB. 
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For administration to humans, the prescribing medical 
professional will ultimately determine the appropriate form and dosage for 
a given patient, and this can be expected to vary according to the chosen 
therapeutic regimen (e.g. DNA construct, protein, cells), the response and 
5 condition of the patient as well as the severity of the disease. 

Composition within the scope of the present invention 
should contain the active agent (e.g. fusion protein, nucleic acid, hormone, 
growth factor, soluble receptor and molecule) in an amount effective to 
achieve the desired therapeutic effect while avoiding adverse side effects. 

10 Typically, the nucleic acids in accordance with the present invention can 
be administered to mammals (e.g. humans) in doses ranging from 0.005 
to 1 mg per kg of body weight per day of the mammal which is treated. 
Pharmaceutically acceptable preparations and salts of the active agent are 
within the scope of the present invention and are well known in the art 

15 (Remington's Pharmaceutical Science, 16th Ed., Mack Ed ). For the 
administration of polypeptides, antagonists, agonists and the like, the 
amount administered should be chosen so as to avoid adverse side 
effects. The dosage will be adapted by the clinician in accordance with 
conventional factors such as the extent of the disease and different 

20 parameters from the patient. Typically, 0.001 to 50 mg/kg/day will be 
administered to the mammal. 

While the term "individual 41 refers preferably to humans, 
it is used herein broadly to relate to animals in general. 

The present invention relates to a kit for diagnosing a 

25 disease or condition or a predisposition to contracting same wherein the 
disease or condition is associated with a defect in the activity and/or the 
level of CI-MPR, and/or with a defect in internalization of grB, comprising 
a nucleic acid, a protein or a ligand in accordance with the present 
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invention. For example, a compartmentalized kit in accordance with the 
present invention includes any kit in which reagents are contained in 
separate containers. Such containers include small glass containers, 
plastic containers or strips of plastic or paper. Such containers allow the 
5 efficient transfer of reagents from one compartment to another 
compartment such that the samples and reagents are not cross- 
contaminated and the agents or solutions of each container can be added 
in a quantitative fashion from one compartment to another. Such 
containers will include a container which will accept the test sample (DNA 

10 protein or cells), a container which contains the primers used in the assay, 
containers which contain enzymes, containers which contain wash 
reagents, and containers which contain the reagents used to detect the 
extension products. 

The present invention also relates to a kit comprising the 

15 oligonucleotide primer of the present invention, which are specific to Cl- 
MPR, and/or CD-MPR, and/or grB. 

The present invention is illustrated in further detail by the 
following non-limiting examples. 

20 EXAMPLE 1 

Dissection of the grB-dependent apoptosis pathway 
in cells and identification of the receptor responsible for 
grB internalization 

Cell lines and reagents 
25 Murine L cells were grown in Dulbecco's modified Eagle's 

medium (DMEM, Gibco) supplemented with 10% FBS and with 2 mM L- 
glutamine and 100 ^ig/ml penicillin/streptomycin. The CD-MPR 4 (SR2-1) 
and CI-MPR* (MS9-II) cells were derived by transfecting human CD- or CI- 



WO 02/34910 PCT/CA01/01521 



-58- 



MPR into an L cell line deficient in endogenous CI-MPR (L(Rec~)), while 
the MPR~ (MS) line was derived by transfection of L(Rec") cells with vector 
alone (Gabel et al., 1983; Watanabe et al., 1990) and maintained as 
previously described (Watanabe et al., 1990). Human CTL and Jurkat 
5 cells were isolated and maintained as previously described (Atkinson et 
al., 1998). Human replication-deficient AD type 5 d170-3 and ADLacZ 
have been described elsewhere (Bett et al., 1994; Addison et al., 1997). 
Rabbit antisera with specificity for the human CI-MPR (Wood et al., 1991) 
or CD-MPR (Ma et al., 1992) have been described previously. Goat anti- 

10 rabbit-FITC was obtained from Jackson ImmunoResearch and 
streptavidin-cychrome from PharMingen. Murine specific CD4 (L3T4) and 
CD8 (53-6.7) mAb were obtained from Cedarlane. Secondary biotinylated 
Ab for immunohistochemical staining included goat anti-mouse IgG and 
goat anti-rat IgG obtained from Cedarlane and Vector, respectively. Anti- 

1 5 Fas (CD95) mAb specific to mouse (Jo2) or human (APO-1 ) was obtained 
from PharMingen. Human sCI-MPR has been described (Valenzano et al., 
1995). M6P and other related monosaccharides, as well as calf-intestinal 
phosphatase were purchased from Sigma. The catalytic subunit of protein 
phosphatase-1 has been described (Bagu etal, 1997). 

20 Purification of GrB and Preparation of Labeled GrB Probe 

Human grB was purified from the cytolytic granules of YT- 
Indy cells as described previously (Caputo et al., 1999). GrB was 
derivatized with sulfo-NHS-biotin (Pierce) or OG 488 (Molecular Probes) 
as per the manufacturer's directions for labeling protein. Derivatized grB 

25 was separated from unbound probe by passing the material through a 
Sephadex G-25 column (HiTrap™ Desalting column, Pharmacia Biotech) 
with saline or phosphate-buffered saline (PBS) as the buffer. Typically the 
concentration of unlabeled grB was -50 pg/ml, whereas the estimated 
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concentration of derivatized material was -5 jig/ml. GrB was assayed for 
enzymatic activity using an ASPase assay as previously described 
(CaputoetaL, 1993). 

Flow Cytometric Analysis of Cell Surface MPR Expression 
5 Cells (2 x 10 5 ) were incubated for 20 min at 4°C with a 200- 

fold dilution of rabbit anti-CI- or CD-MPR and washed. Cells were then 
incubated with a 200-fold dilution of goat-anti-rabbit-FITC, washed, and 
analyzed with a Becton Dickenson FACScan™ equipped with 
CELLQuest™ software. PBS/0.1% BSA buffer was used throughout the 

10 procedure. For all flow cytometric analysis, over 10,000 events (typically 
15,000) were recorded. Results are presented as the relative mean 
fluorescence intensity (MFI), which represents the MFI of the population 
labeled with anti-MPR antisera and secondary Ab minus the MFI obtained 
with secondary Ab treatment alone. 

1 5 GrB Binding Assay 

Cells (1-2 x 10 5 ) were washed twice and resuspended in 
buffer before the addition of grB-biotin or -OG in a final volume of 20 |J for 
a 30-60 min incubation and washed again twice. In the case of grB-biotin, 
cells were then incubated with streptavidin-cychrome for 20 min and 

20 washed twice. Unless otherwise indicated, -25 ng grB-biotin or -OG was 
used to label cells. All steps of the assay were carried out at 4°C to 
prevent intracellular uptake of grB. PBS/0.1% BSA buffer was used 
throughout the procedure. In some cases, results are presented as the 
relative MFI, which represents the MFI of the grB-labeled population minus 

25 the MFI of the unlabeled population. 



WO 02/34910 



PCT/CA01/01521 



-60- 



Phosphatase Treatment of GrB 

GrB was treated for 1 hr at 37°C in a phosphate-free (saline) 
or a high-phosphate (64.5 mM Na 2 HP047H 2 0, 21 mM KH 2 P0 4 ) buffer 
with calf intestinal alkaline phosphatase (1-10 U), 20 nM of the 37 kDa 
5 catalytic subunit of recombinant protein phosphatase-1 (Bagu et al, 1 997), 
or with vehicle control. Cells were then incubated with the treated grB at 
4°C for 30-60 min. For the TUNEL or annexin V assays, cells were then 
washed twice before incubation at 37°C with AD. 
M6P Inhibition Studies 

10 M6P and various other monosaccharides at different 

concentrations were added to cells for 15 min at 4°C before the addition 
of labeled grB, or at room temperature before the addition of grB and AD. 
GrB Uptake Assay 

Cells on coverslips were incubated for 20 min at 37°C with 

15 DMEM/0.1% BSA containing 25 ng grB-OG that was untreated, mock- 
treated, or alkaline phosphatase-treated as described above. For the M6P 
inhibition studies, cells were treated with 20 mM M6P in DMEM/0.1% BSA 
for 10 min at 37°C, before the addition of grB-OG, as above. Cells were 
then washed twice with PBS/0.1% BSA, fixed with 2% paraformaldehyde 

20 in PBS, and allowed to dry briefly before the coverslips were mounted and 
examined by confocal microscopy. Imaging was performed with a Zeiss 
Axiovert™ 100M LSM510 laser scan microscope and analyzed using 
LSM510 software. 
sCI-MPR Inhibition Studies 

25 GrB was incubated with sCI-MPR at various concentrations 

in PBS/0.1% BSA for 30 min at 4°C. Subsequently, cells were incubated 
with grB/sCI-MPR for 30-60 min at 4°C and washed twice, before analysis 
of binding, or before the addition of AD for TUNEL and annexin V analysis. 



WO 02/34910 



PCT/CA01/01521 



-61- 



TUNEL and Annexin V Apoptosis Assays 

For the in vitro killing assays, 10 pfu per cell of replication- 
deficient adenovirus (AD) were added subsequent to grB addition. 
Analysis of DNA fragmentation by TUNEL analysis has been described 
5 previously (Heibein et al. f 1999). TUNEL materials (Roche Diagnostics) 
were used as per the manufacturer's instructions. Phosphatidylserine 
extemalization was measured as previously described (Heibein et al., 
1999) using annexin V-FITC (PharMingen). Percent specific 
TUNEL/annexin V positive cells was calculated as: [(% positive labeling 

1 0 cells with grB and AD - % positive labeling cells without grB and AD)/(1 00 
- % positive labeling cells without grB and AD)] x 100. 
In vivo Killing Assays 

The 51 Cr- (lysis) and 3 H-thymidine (DNA fragmentation) 
release assays have been previously described (Darmon et al., 1996). 

15 Target cells (1 x 10 4 cells/well for the 51 Cr-release assay and 5 x 10 4 
cells/well for the 3 H-thymidine-release assay) were incubated with CTL at 
various E:T ratios (effectortarget) in the presence or absence of blocking 
murine- (1 \igfm\) or human- (200 ng/ml) anti-Fas mAb. Data from one 
experiment represent the mean of data from triplicate samples. Typically, 

20 spontaneous 51 Cr-reIease and DNA fragmentation was less than 1 0% and 
5%, respectively. Percent specific lysis and DNA fragmentation was 
calculated as: [(sample cpm - spontaneous cpm)/(total cpm - 
spontaneous cpm)] x 100. 
Transplantation and Graft Characterization 

25 MPR" or CI-MPR + cells were transplanted under the left 

kidney capsule of anesthetized SCID-beige or BALB/c mice. Aliquots 
consisting of 2 x 10 6 cells were aspirated into polyethylene tubing, 
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pelleted, and gently placed under the kidney capsule with the aid of a 
micromanipulator syringe. Once the tubing was removed, the capsulotomy 
was cauterized. At 7- and 14-days post-transplantation, grafts were 
excised from surrounding kidney tissue, embedded, and stored at -80°C. 
5 Frozen 5 \itn tissue sections were fixed with acetone and stained for 30 
min with the H-2 k -specrfic mAb 11-4.1 or with CD4- or CD8-specific mAb. 
After labeling with the appropriate secondary biotinylated Ab, an avidin- 
biotin complex/horseradish peroxidase method was used and developed 
with 3,3-diaminobenzidinetetrahydrochloride. Positive controls included 

1 0 frozen sections of CBAJ mouse liver for H-2 k detection and BALB/c mouse 
spleens for CD4 and CD8 detection. Negative controls, which resulted in 
negative staining consisted of omission of the primary mAb. The 
experiments were conducted such that the identity of the donor cells was 
coded and only revealed after all data had been analyzed. 

15 Phosphorylation of grB is required for cell surface binding and apoptosis 
induction 

In our search to characterize a receptor for grB, we 
developed a binding assay using purified human grB conjugated to biotin 
or the fluorescent dye Oregon Green 488 (OG) as a probe. Labeled grB 

20 retained enzymatic activity and bioactivity. Binding was assessed by flow 
cytometry after incubation of cells with labeled grB at 4°C and both grB- 
OG and grB-biotin bound to Jurkat cells in a manner that was dose- 
dependent, saturable and that was inhibitable with unlabeled grB. Using 
labeled grB, we tested the ability of a number of factors and conditions to 

25 modulate this binding. Our approach was guided by the surprising finding 
that recombinant grB was not as biologically active as purified granule- 
derived grB, although they were comparable in enzymatic activity (data not 
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shown). One possibility that could explain this discrepancy would be a 
difference in the post-translational processing of grB. 

In order to test the importance of phosphorylation Jurkat 
cells were incubated at 4°C with grB-biotin that had been treated at 37°C 
5 with alkaline phosphatase in phosphate-free buffer. As a control, grB was 
treated without phosphatase, or with phosphatase in a phosphate- 
containing buffer to inhibit phosphatase activity (Lakshmi and 
Balasubramanian, 1980). Treatment of grB with phosphatase in a 
phosphate-free buffer had no effect on the enzymatic activity of grB, but 
10 did result in a marked reduction in its ability to bind Jurkat cells (Figure 
1A). 

If the internalization of grB by receptor-mediated endocytosis 
is necessary for apoptosis, then grB that does not bind to the cell surface 
should be ineffective in killing (i.e. in triggering the apoptotic pathway). To 

1 5 test this, Jurkat cells were incubated for 3 hr with phosphatase-treated grB 
and AD and analyzed using a TUNEL or annexin V assay. Less than 5% 
of cells were TUNEL positive after incubation with dephosphorylated grB 
(Figure 1B) compared with 50% TUNEL positive cells after treatment with 
grB pretreated with alkaline phosphatase in phosphate-containing buffer. 

20 Similar results were observed using annexin V as a marker for apoptotic 
cells (Figure 1B). In order to distinguish whether these results were due 
to the dephosphorylation of carbohydrate or of amino acid moieties, grB 
was treated with the 37 kDa catalytic subunit of recombinant protein 
phosphatase-1 (a serine/threonine/tyrosine phosphatase) under conditions 

25 where other proteins are effectively dephosphorylated (Bagu et al t 1 997). 
We found that grB did not lose enzymatic activity or its ability to bind and 
to induce apoptosis of Jurkat cells (data not shown), and thus we conclude 
that phosphorylation of carbohydrate is important. 



WO 02/34910 



PCT/CA01/01521 



-64- 



GrB Binds to the MPR to Induce Apoptosis 

Two types of mannose 6-phosphate receptors (MPR) have 
been described, the -270 kDa cation-independent MPR (C)-MPR) also 
known as the insulin-like growth factor receptor (IGF-IIR), and the 46 kDa 
5 cation-dependent MPR (CD-MPR) (reviewed in Kornfeld, 1992; Dahms, 
1996; Munier-Lehmann et al. f 1996). Both are type I glycoproteins that 
have a high binding affinity for lysosomal enzymes and other proteins that 
contain phosphomannosyl residues. Using wild-type L cells and L cells 
that were either deficient in the expression of CI-MPR (MPR" cells), or that 

1 0 were transfected to overexpress the CI-MPR (CI-MPR 4 * cells) or the CD- 
MPR (CD-MPR* cells) (Gabel et al., 1983; Watanabe et al., 1990), we 
found a direct correlation between cell surface MPR expression and grB 
binding (Figure 2A). In addition, in agreement with the results obtained 
with Jurkat cells, treatment of grB with alkaline phosphatase in the 

1 5 absence of phosphate resulted in a dramatic decrease in binding to L cells 
and the MPR-transfected L cell lines. Furthermore, by confocal analysis 
of CI-MPR* cells after incubation with grB-OG at 37°C, we observed 
intracellular localization of grB that was treated with alkaline phosphatase 
in the presence of phosphate, but not with grB that was dephosphorylated 

20 (data not shown). 

The L cell series was then tested for susceptibility to killing 
by grB and AD. The MPR~ line was relatively resistant to grB and AD- 
induced DNA fragmentation (Figure 2B). Conversely, the CI-MPR* and 
wild-type L cells underwent DNA fragmentation and bound annexin V after 

25 treatment (Figure 2B). At the time-point of the assay about 30% of the CI- 
MPR" and L cells were TUNEL and annexin V positive, however at later 
times this number approached 100% (data not shown). In stark contrast 



WO 02/34910 



PCT/CA01/01521 



-65- 



the CD-MPR* line was resistant to grB and AD-mediated DNA 
fragmentation and did not bind annexin V (Figure 2B). 
Inhibition of GrB Binding and Uptake by M6P 

The binding and uptake of acid hydrolases by the MPR is 
5 blocked by mannose 6-phosphate (M6P) (Kaplan et al M 1977). Cells were 
treated at 4°C with various concentrations of M6P together with labeled 
grB and analyzed by flow cytometry. At a concentration of 20 mM, M6P 
considerably, reduced binding of grB to Jurkat cells with half-maximal 
inhibition occurring at a concentration of 1 mM M6P (Figure 3A). Mannose 

10 and glucose had no effect on grB binding, whereas glucose 6-phosphate 
had a slight inhibitory effect that was only evident at concentrations above 
25 mM (Figure 3A). Similar results were observed with the wild-type L 
cells, or with the CI-MPR + and CD-MPR + cells (data not shown). 

Finally, the effect of M6P on the uptake of grB was 

15 assessed. CI-MPR* cells were incubated at 37°C with grB-OG with or 
without 20 mM M6P and analyzed by confocal microscopy. In the 
presence of M6P essentially no grB could be detected within the cells 
(Figure 3B). 

Inhibition of GrB/AD-Mediated Apoptosis by M6P 

20 A critical question was whether the grB-MPR interaction at 

the cell surface correlated with grB biological activity. To examine this, 
Jurkat cells were treated with or without M6P or other sugars along with 
grB and AD for 3 hr, and analyzed for apoptosis (Figure 3C). Significantly, 
we found that 200 pM or greater of M6P markedly reduced in a dose- 

25 dependent manner the percentage of TUNEL or annexin V positive cells 
(Figure 3C). In contrast, treatment with other related sugars or sugar 
phosphates had little effect on grB-mediated apoptosis (Figure 3C). 
Similar results were seen with L cells and CI-MPR* cells. No effect of M6P 
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was observed on infection of AD containing a p-galactosidase insert. 
Finally, using Jurkat cells, we found that the preincubation of grB with 
soluble CI-MPR (>100 pg/ml) markedly reduced in a dose-dependent 
manner both the cell surface binding of grB, and grB/AD-mediated 
5 apoptosis (data not shown). The affinity of M6P-proteins to the CD-MPR 
has been found to be about 100 times less than to the CI-MPR. It is 
expected that a soluble CD-MPR, while less efficient than CI-MPR, would 
be more efficient in blocking grB uptake. CD-MPR or fragments thereof 
could be engineered to become more efficient blockers of grB uptake. 

10 Correlation of CTL-Mediated Target Cell Apoptosis with Cell Surface CI- 
MPR Expression 

Taken together, the results presented herein implicate an 
essential role for the CI-MPR in the binding and uptake of grB in vitro. 
However, it was critical to determine the importance of the CI-MPR in 

15 CTL-mediated killing, and thus we used MPR" and CI-MPR* cells as 
targets with a CTL line at various effectortarget ratios. The extent of target 
cell DNA fragmentation was assessed by 3 H-thymidine release after 3 hr 
and membrane damage by 51 Cr-release after 5 hr. CTL-mediated 
apoptotic death of targets within the first 3 hr is mediated by grB whereas 

20 granzyme A (grA)- and Fas-mediated killing are detected at later times 
(Shresta et al., 1998). Incubation of effectors and targets in the presence 
of a blocking anti-Fas monoclonal antibody (mAb) had no effect on DNA 
fragmentation or 51 Cr-release, indicating that killing within this time period 
was Fas-independent. This mAb abrogated DNA fragmentation of these 

25 target cells by a perforin-deficient murine CTL line after a 4-hr incubation 
(data not shown). After incubation with CTL, the MPR~ target cells showed 
a low amount of DNA fragmentation but a significant amount of 51 Cr- 
release which increased with the effector:target (E:T) cell ratio (Figure 4). 
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However, in comparison there was much greater DNA fragmentation with 
CI-MPR + target cells, although the extent of 51 Cr-release was similar to 
that of MPFT cells (Figure 4). 

We attempted to assess the importance of the MPR in CTL- 
5 mediated killing by incubating the effectors with targets in the presence of 
M6P. However, half-maximal inhibition of target cell DNA fragmentation 
was only evident with M6P at unphysiological concentrations (> 25 mM) 
(data not shown). Thus, it appears that in order to be a more efficient 
inhibitor (or interacting factor to CI-MPR) of grB binding/internalization by 
10 CI-MPR that the agent or compound (e.g. ligand) tested must contain 
more than one M6P binding site. Since grB contains two M6P binding 
sites, it appears that preferably, the agent should contain at least two M6P 
binding sites. 

Transplant Rejection Proceeds Through the CI-MPR 

15 The in vivo significance of the results presented above was 

evaluated using transplantation of allogeneic cells. Cells were transplanted 
under the kidney capsule since this has been shown to be a suitable 
anatomical space to maintain the survival of cellular grafts such as 
pancreatic islets (Diamond and Gill, 2000) and hepatocytes (Ohashi et aL, 

20 2000). Furthermore, since this site maintains the cells in close proximity 
to each other, it is also useful for determining the degree of graft rejection 
as well as assessing the phenotypes of cellular infiltrates. By 
microinjection, donor H-2 k -expressing MPR" or CI-MPR + cells were 
transplanted under the kidney capsule of BALB/c-recipients (H-2 d ). Graft 

25 cell survival was monitored after 7 and 14 days by immunostaining kidney 
capsule tissue with mAb specific for H-2K k , CD4, and CD8. As a control, 
donor cells were also transplanted in SCID hosts and monitored in the 
same way. The results of the transplant into BALB/c recipients were clear: 
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at day 7 the CI-MPR-expressing donor cells were completely rejected, 
whereas at day 14 CI-MPR-deficient donor cells remained in the kidney 
capsule where they appeared to have expanded (Figure 5). In the 
lymphocyte-deficient SCID host, both MPFT and CI-MPR* cells survived 
5 the engraftment (Figure 5). CD4 + and CD8 + cells were present in the 
BALB/c kidney capsule indicating lymphocyte infiltration with both cell 
lines. In the case of CI-MPR* cells, this appeared to lead to rejection, but 
the MPR~ cells survived despite the significant infiltrate. Parental wild-type 
L cells were also rejected with similar kinetics (data not shown). 

10 Discussion 

GrB Binding and Uptake by the Cell Surface MPR 

The CI- and CD-MPR are found predominantly inside the cell 
where they play key roles in targeting M6P-expressing proteins from the 
Golgi to a pre-lysosomal compartment (Griffiths et aL, 1990). Both 

15 receptors are also present at the cell surface, although the CI-MPR is 
thought to be the predominant receptor for the binding and uptake of M6P- 
containing molecules (Stein et al., 1987; Ma et al., 1991). We found that 
granule-purified grB bound at negligible levels to cells deficient in CI-MPR 
expression, but at high levels to CI-MPR deficient cells transfected to 

20 overexpress the CI-MPR or the CD-MPR (Figure 2A). The 
dephosphorylation of grB markedly prevented its binding (Figure 1A) and 
uptake (data not shown), as did coincubation with M6P (Figure 3A) or 
soluble CI-MPR (data not shown). Taken together, these findings support 
a model whereby grB binding and uptake involves an interaction with cell 

25 surface MPR that is dependent on the expression of the M6P recognition 
marker on grB. 

The CI-MPR and CD-MPR are usually thought of as being 
important in the trafficking of acid hydrolases to lysosomes (Nolan and Sly, 
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1987). Griffiths and Isaaz (1993) demonstrated that grA is phosphorylated 
on high-mannose residues, and that this modification is important in the 
intracellular targeting of the granzyme to the cytolytic granules. It was also 
suggested that grB may be similarly phosphorylated (Griffiths and Isaaz, 
5 1993). Most lysosomal proteins that contain the M6P signal are rapidly 
dephosphorylated once they reach the lysosome (Einstein and Gabel, 
1991), and it might be presumed that M6P-containing granzyme would 
also lose its phosphates within the cytolytic granules, which have been 
described as secretory lysosomes (Page et al., 1998). Based on our 

10 findings, we suggest that grB possesses the M6P modification and that 
this modification is retained in the cytolytic granule. Retention of the M6P 
modification may be explained by the observation that grB is located in the 
granule core whereas phosphatase is present in the granule cortex (Page 
et al., 1998). Neutrophil azurphilic granules, which are similar to cytolytic 

15 granules, also contain mannose 6-phosphorylated proteins (Cieutat et al., 
1998). 

At the cell surface the CI-MPR is constitutively endocytosed, 
where its main role is thought to be the binding and internalization of the 
non-glycosylated polypeptide hormone IGF-II (Oka and Czech, 1986), with 

20 a minor role being the reuptake of secreted acid hydrolases (Griffiths et 
al., 1988; Dahms, 1996). We now suggest that a critical function of the CI- 
MPR is the binding and uptake of grB. Other non-acid hydrolase proteins 
besides IGF-II that bind the cell surface CI-MPR include the precursor 
form of transforming growth factor-p (pTGF-p) (Kovacina et al., 1989), 

25 leukemia inhibitory factor (Blanchard et al., 1998), and the Herpes simplex 
virus (Brunetti et al., 1994). 

Interaction of GrB with the CI-MPR is Critical for Apoptosis 
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The extent of grB-mediated apoptosis was much greater for 
CI-MPR* cells compared with MPR" cells (Figure 2B), and apoptosis was 
inhibited by the coincubation of grB with M6P (Figure 3C), soluble CI-MPR 
(sCI-MPR) (data not shown), or by the prior treatment of grB with 
5 phosphatase (Figure 1B). Importantly, there was a direct correlation 
between binding and uptake of grB and apoptosis (Figure 3A f 3B and 3C). 
That some apoptosis was evident for MPR" cells at high concentrations of 
grB may be explained by the very low-level (-10% of wild-type) of 
endogenous CI-MPR present (Lobel et aL, 1989) or alternatively to limited 

1 0 entry of grB in a non-MPR fashion. 

It is interesting that recombinant forms of grB that would not 
be mannose 6-phosphorylated do induce apoptosis in vitro (Beresford et 
aL, 1999; Shresta et aL, 1999). However, this grB was only effective in 
killing at high concentrations. In one study, 5-20 pg/ml of yeast-derived 

1 5 recombinant grB was required to induce apoptosis, and this was estimated 
to be approximately 5-20-fold more than the amount of grB that would be 
found in all the effector cells in a typical in vitro CTL assay (Shresta et aL, 
1999). In comparison we typically used granule-purified grB at 
concentrations of -50 ng/ml, and less than 1 ng/ml was sufficient to elicit 

20 effective Jurkat cell killing (Figure 3C). We cannot rule out a minor MPR- 
independent pathway, and this may explain the DNA fragmentation seen 
with CTL acting on MPR" cells at high E:T ratios. Perhaps a high local 
concentration of grB can be achieved at the CTL-target interface such that 
some uptake can occur independently of the MPR. However, it is clear 

25 that this effect is not relevant to the in vivo rejection model (Figure 5). 

The inability of overexpressed CD-MPR to induce grB- 
mediated apoptosis (Figure 2B) may be due to the inefficiency of the CD- 
MPR to endocytose bound ligand (Munier-Lehmann et aL, 1996). Indeed 
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we have observed essentially no grB uptake in the CD-MPR- 
overexpressing CD-MPR 4 " cells (BM and RCB, unpublished findings). 
Expression of the CI-MPR is Critical for CTL-Mediated Target Cell 
Apoptosis 

5 In agreement with our model of CI-MPR mediated uptake of 

grB, we found that a CTL line efficiently induced apoptosis in target cells 
only when the targets expressed transfected CI-MPR (Figure 4). Similar 
findings were obtained with other CTL effectors including activated primary 
splenocytes (BM and RCB, unpublished findings). Interestingly, it was the 

1 0 DNA fragmentation component that was effectively prevented in CI-MPR- 
deficient targets and not the disruption of the plasma membrane. The 
most likely explanation for this is that membrane damage is being induced 
by perforin in the absence of efficient binding and uptake of grB. Likewise, 
the absence of early DNA fragmentation with later 51 Cr-release has been 

15 documented in killing assays that used grB-deficient CTL (Heusel et al., 
1994). 

The membrane damage observed in cell culture assays is 
attributed to perforin but the relevance of this to in vivo cytotoxicity has 
recently been questioned (Shresta et al., 1999). Therefore, we sought to 

20 address the importance of grB binding and uptake by the CI-MPR using 
an in vivo model. We observed that the expression of CI-MPR was critical 
for the clearance of transplanted allogeneic cells. Thus cells that were 
deficient in the receptor survived despite the infiltration of both CD4 and 
CD8 T cells (Figure 5). In contrast, cells transfected to overexpress the 

25 receptor (Figure 5) or wild-type L cells (data not shown) were efficiently 
rejected. Our in vivo data differed from our in vitro findings in that in the 
transplantation study the MPR" cells survived (Figure 5), whereas there 
was significant 51 Cr-release/lysis of MPR" cells in vitro (Figure 4). This 
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underscores the questionable relevance of the perforin-mediated Cr- 
release assay compared with what occurs in vivo. Differences in the 
effective E:T ratios may at least partially explain the differences between 
killing in vivo and in vitro. Our in vitro data demonstrates the importance 
5 of receptor expression for binding and uptake of grB but the in vivo result 
underlines that expression of CI-MPR is paramount for cell death. 

In addition to the importance of these studies to' define the 
mechanism of granule-mediated cytotoxicity, the results are also 
significant for understanding graft rejection. There has been considerable 

10 debate as to the relevance of antibodies, cytokines, T cell subsets, and 
macrophages to the rejection process. Undoubtedly these play an 
important role but our data strongly suggests that the granzyme pathway 
used by CTL is paramount at the effector stage. The CI-MPR" cells 
transplanted under the kidney were surrounded by CD4 + and CD8 + T cells 

15 and are presumably awash in cytokines and antibodies. In addition, it is 
likely that activated macrophages and their lytic proteins, and Fas ligand 
positive cells were present. Despite all this, in the absence of the grB 
receptor, the allogeneic cells survived. 

As to the importance of other granzymes, it has recently 

20 been shown that grB supplemented by grA is important for graft-versus- 
host disease after bone marrow transplantation (Shresta et al., 1999). 
That the CI-MPR" cells survived suggests that delivery of both grA and grB 
is compromised. This is consistent with the demonstration of the key role 
of the MPR in targeting grA from the trans-Golgi to early endosomes 

25 (Griffiths and Isaaz, 1993) and suggests that the same receptor acts for 
both granzymes. 

Important Implications of the GrB-CI-MPR Interaction 
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The identification of a receptor for grB is significant in itself, 
and the discovery carries with it exciting possibilities for therapeutic 
manipulation. For example, in auto-immune disorders and in cases of 
transplant rejection, it would be beneficial to reduce levels of receptor 
5 expression. Further, we provide evidence that in cancer cells, the receptor 
expression is reduced, and predict that increased levels would promote 
sensitivity to killing by CTL/NK cells. However, the revelation that it is the 
previously described receptor for M6P-containing glycoproteins and IGF-II 
has a number of profound biological implications. For instance, it is 

1 0 interesting that the route of entry into the cell that is used by some toxins 
and viruses is the very pathway that will cause the demise of the infected 
cell (Brunetti et ah, 1994; Zhu et al., 1995; Sandvig and Van Deurs, 1996; 
Molinari et aL, 1997). Thus, it appears reasonable to assume that after 
entry of the virus in the cell, the receptor is somehow modified to affect or 

15 inhibit internalization of grB.he MPR has also been implicated in 
responses to some growth factors. Of particular note is the internalization 
and activation via the MPR of TGF-p, a cytokine that has long been known 
to act as an immunosuppressive agent (Kovacina et al., 1989). Perhaps 
TGF-p also acts in part by blocking the interaction of the receptor with grB 

20 and thus inhibiting entry. Similarly, local expression of other factors such 
as leukemia inhibitory factor may impact on responsiveness to grB. The 
present invention therefore enables a dissection of the structure function 
of CI-MPR in order to assess how the binding and internalization of its 
different ligands can regulate the pathways they affect and control upon 

25 their internalization 

One of the most exciting aspects of the present work relates 
to the numerous reports that the CI-MPR receptor is a tumor suppressor. 
Loss of heterozygosity has been reported in a variety of human 
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malignancies including hepatocarcinoma (De Souza et al., 1995) and 
aggressive early breast cancer (Chappell et aL f 1997). Furthermore, the 
CI-MPR locus at 6q has been reported to be a hot spot for mutation in 
tumors including malignant melanoma (Millikin et al., 1991), ovarian 
5 cancer (Foulkes et al., 1993), non-Hodgkin lymphoma (Gaidano et al., 
1992) and renal cell carcinoma (Morita et al., 1991). This has usually been 
interpreted on the basis of the CI-MPR regulating responses of cells to 
IGF-II signaling through the IGF-IR. However, our data suggest that 
tumors carrying mutated non-functional CI-MPR would also have an 

10 inherent resistance to the immune system, and this could play a critical 
role in the early escape of tumors and/or metastatic variants from host 
defenses. The results presented in Example 2 and the immune evasion 
of CI-MPR cells in vivo strongly support this contention. In addition, in 
Wilm's tumor and rhabdomyosarcomas, IGF-II is over-expressed and is 

15 believed to interfere with signaling through IGF-IR and the routing of 
lysosomal proteins (De Leon et al., 1996). It is also possible that the over- 
expressed factor could inhibit grB binding and internalization. An additional 
intriguing possibility is the recent observations that sCI-MPR is secreted 
by breast cancer lines and also primary metastic breast cancer cells 

20 (Confort et al., 1995). The secreted material could act as a sink for grB 
and thus prevent it from acting on the cell surface receptor. This would 
create a local immunosuppressive environment in a fashion analogous to 
secreted tumor necrosis factor receptor or Fas ligand. The results shown 
herein that apoptosis can be inhibited when cells are incubated wth Cl- 

25 MPR once again support a critical role for MPR-dependent internalization 
of grB in cancer in animals and more generally in cellular homeostasy. 

While the intricate regulation which is involved in the 
complex gateway which operates at CI-MPR, thereby affecting cellular 
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homeostatis and possibly leading to disorders or diseases still needs to be 
formally determined, the present invention shows the critical importance 
thereof for a number of cellular processes. In addition, the present 
invention provides the intellectual framework for the design of experiments 
5 that will enable investigators to formally demonstrate them. 
Inhibition of GrB Binding by M6P 

The binding and uptake of grB by the MPR is blocked by 
mannose-6-phosphate (Fig.8). Cells were incubated at 37°C with or 
without 20 mM M6P 15 minutes prior to addition of grB-OG. At a 

1 0 concentration of 20 mM, M6P significantly reduced binding of grB to the 
MPRs in all cell lines. These results verify that grB interacts with the MPR 
via its M6P ligand binding sites. 
GrB/AD-Mediated Apoptosis 

The next stage was to determine if any grB-MPR 

15 interaction on the cell surface resulted in grB biological activity within the 
cell; proteolytic activation of caspases giving rise to apoptotic events. 

In normal cells, the distribution of phospholipids is 
asymetric, with the inner membrane containing anionic phospholipids 
(such as phosphatidylserine) and the outer membrane having mostly 

20 neutral phospholipids. In apoptotic cells, the amount of phosphatidylserine 
on the outer surface of the membrane increases. Annexin V, a calcium- 
dependent phospholipid-binding protein with a high affinity for 
phosphatidylserine, will therefore bind to the surface of apoptotic cells 
(Guide to Cell Proliferation and Apoptosis Methods, 2000, Roche 

25 Diagnostics Corporation). Labeled-annexin V binding can then also be 
detected by flow cytometry. 

Cells were treated for 3 hr with varying concentrations of 
grB and replication-deficient adenovirus (AD) and afterwards assessed for 
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grB-induced DNA fragmentation and phosphatidylserine externalization. 
Adenovirus is required to mediate the release of grB into the cytoplasm 
after being taken up by receptor-mediated endocytosis (Motyka et aL, 
2000). Jurkat cells were used as a positive control for both assays. As 
5 expected, only the Jurkat cells showed significant TUNEL and annexin V 
labeling (Figs.9 and 10). Interestingly, all the carcinoma cell lines were 
resistant to grB and AD-mediated DNA fragmentation and did not bind 
annexin V (Figs.9 and 10). 

We also monitored the cleavage of caspase-3 by 

10 Western blot analysis, since the activation of caspase-3 has been 
connected with the onset of apoptotic events such as DNA fragmentation 
and phosphatidylserine externalization through the cleavage of various 
cellular proteins such as the inhibitor (ICAD) of caspase-activated DNase 
(Heibein et al., 1999). Most important, monitoring of grB-mediated 

15 caspase-3 cleavage allowed us to establish whether grB was actually 
getting into the cells since caspase-3 is a direct substrate for grB in vitro 
(Barry et al., 2000). The positive control was once again Jurkat cells and 
we also possessed a negative control, the caspase-3 deficient MCF-7 
(Barry et al., 2000). We were able to observe cleavage of procaspase-3 

20 (32-kDa) only in Jurkat (positive control) and T47-D cells to 20- and 19- 
kDa fragments (Fig.11), indicating that grB is getting into the T47-D cells. 
Procaspase-3 was identified in MDA-MB-231 and SK-BR-3 cells but we 
were unable to observe any cleavage, strongly suggesting that grB is not 
getting into the cells. This relates nicely to the reduced level of expression 

25 of CI-MPR in the two cell lines. If there is no receptor for grB to bind to, it 
cannot enter. MCF-7 cells are resistant to grB/AD-mediated DNA 
fragmentation and membrane changes because they do not have 
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caspase-3 and therefore cannot initiate caspase-dependent apoptotic 
pathways. 

EXAMPLE 2 

5 Involvement of the grB internalization mechanism 

and the activity of grB on immune evasion by cells 

Cell Lines and Reagents 

Jurkat cells were grown in RPMI 1640 medium (Gibco 
BRL Life Technologies Inc.) supplemented with 10% fetal calf serum 

10 (FCS) (Hyclone), 25 mM HEPES, 100 jxM 2-mercaptoethanol, 100 ng of 
pencillin per ml, and 100 \xg of streptomycin per ml (RHFM). MCF-7 cells 
were cultured in RHFM supplemented with 100 \iM nonessential amino 
acids (Gibco BRL Life Technologies Inc.). Murine L cells were grown in 
Dulbecco's modified Eaglet medium (DMEM, Gibco) supplemented with 

15 10% FCS and with 2 mM L-glutamine and 100 pg/ml 
penicillin/streptomycin. MS and MS9II cells were maintained as previously 
described (Watanabe et al., 1990). T47D and MDA-MB-231 cells were 
cultured in Iscove's Modified Dulbecco's Medium (IMDM, Gibco) 
supplemented with 10% FCS glutamine and 100 pg/ml 

20 penicillin/streptomycin. SK-BR-3 cells were in DMEM supplemented with 
10% FCS and with 2 mM L-glutamine and 100 pg/ml 
penicillin/streptomycin. All cell lines were passaged by trypsinization, but 
prior to any analysis they removed from culture flasks with 2% EDTA/PBS 
solution. Rabbit antisera with specificity for the human CI-MPR (Wood et 

25 al., 1991) or CD-MPR (Ma et aL 1991) have been described. Goat anti- 
rabbit-FITC was obtained from Jackson ImmunoResearch and 
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streptavidin-cychrome from PharMingen. Staurosporine and M6P were 
purchased from Sigma. 

Flow Cytometric Analysis of Cell Surface MPR Expression 

Cells (1 x 10 5 ) were incubated for 60 min at 4°C with a 
5 200 -fold dilution of rabbit anti-CI- or CD-MPR and washed twice. Cells 
were then incubated with a 100-fold dilution of goat-anti-rabbit-FITC and 
washed twice. 0.1% BSA/PBS buffer was used throughout the procedure. 
Flow cytometric analysis was performed on a Becton Dickinson 
FACScan™ flow cytometer equipped with an argon-ion laser with 15 mW 

10 of excitation at 488 nm. Emission wavelengths were detected through the 
FL1. Data were acquired on 10,000 cells per sample with light scatter 
signals at linear gain and fluorescence signals at logarithmic gain. 
Internal Labeling of CI-MPR 

Cells (2 x 10 5 ) were fixed in 4% paraformaldehyde/PBS 

15 for 10 min., and permeabilized in 0.1% saponin/PBS for 15 min and 
washed. Cells were then blocked in 4% normal donkey serum. Cells were 
then incubated for 60 min at 37°C with a -fold dilution of rabbit anti-CI- 
MPR and washed twice. Cells were blocked again with 4% normal donkey 
serum. Cells were then incubated with a 100-fold dilution of goat-anti- 

20 rabbit FITC for 30 min and washed twice. Flow cytometric analysis was 
performed on a Becton Dickinson FACScan™ flow cytometer equipped 
with an argon-ion laser with 15 mW of excitation at 488 nm. Emission 
wavelengths were detected through the FL1. Data were acquired on 
10,000 cells per sample with light scatter signals at linear gain and 

25 fluorescence signals at logarithmic gain. 
GrB Binding and Uptake Assays 
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Cells (1 x 10 5 ) were washed twice and resuspended in 
buffer before addition of grB-biotin or grB-OG in a final volume of 20 fil for 
a 30-60 min incubation and washed again twice. In the case of grB-biotin, 
cells were then incubated with streptavidin-cychrome for 20 min and 
5 washed twice. In order to measure cell surface binding, all steps of the 
binding assay were carried out at 4°C to prevent intracellular uptake of 
grB. 0.1% BSA/PBS buffer was used throughout the procedure. All steps 
of the grB uptake assay were carried out at 37°C> Flow cytometric analysis 
was performed on a Becton Dickinson FACScan™ flow cytometer 

10 equipped with an argon-ion laser with 15 mW of excitation at 488 nm. 
Emission wavelengths were detected through the FL1 and FL3 channel for 
grB-OG and grB-biotin, respectively. Data were acquired on 10,000 cells 
per sample with light scatter signals at linear gain and fluorescence 
signals at logarithmic gain. Results are presented as the relative MFI, 

15 which represents the MFI of the grB-labeled population minus the MFI of 
the unlabeled population. 
M6P Inhibition Studies 

M6P at 20 mM was added to cells for 15 min at 37°C 
before the addition of labeled grB. 

20 Apoptosis Induction 

Cells were resuspended at 10 6 cells/ml in 0.1% 
BSA/DMEM. Adenovirus (10 PFU/cell) and granzyme B (grB) were added 
directly to the cell suspension. Cells were incubated at 37°C for 3 h. For 
staurosporine killing, cells were resuspended at 10 6 cells/ml in their normal 

25 growth medium and staurosporine (2.5 ^M) was added directly to the cell 
suspension. Cells were incubated at 37°C for 2, 4 and 8 h. 
Flow Cytometric Analysis of DNA Fragmentation 
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DNA fragmentation was monitored by flow cytometric 
analysis via the terminal deoxynucleotidyltransferase-mediated dUTP- 
biotin nick end labeling (TUNEL) method. Flow cytometric analysis was 
performed on a Becton Dickinson FACScan™ flow cytometer equipped 
5 with an argon-ion laser with 15 mW of excitation at 488 nm. Emission 
wavelengths were detected through the FL1 channel. Data were acquired 
on 10,000 cells per sample with light scatter signals at linear gain and 
fluorescence signals at logarithmic gain. Percent specific TUNEL positive 
cells was calculated as follows: [(% positive labeling cells with grB and AD 
10 - % positive labeling cells without grB and AD)<AD - % positive labeling 
cells without grB and AD)] x 100. 

Detection of Phosphatidylserine Externalization by Flow Cytometry 

Phosphatidylserine externalization was monitored using 
the ApoAlert™ annexin V apoptosis kit (Clontech) according to the 

15 protocol provided by the manufacturer. Flow cytometric analysis was 
performed on a Becton Dickinson FACScan™ flow cytometer equipped 
with an argon-ion laser with 15 mW of excitation at 488 nm. Emission 
wavelengths were detected through the FL1 channel. Data were acquired 
on 10,000 cells per sample with light scatter signals at linear gain and 

20 fluorescence signals at logarithmic gain. Percent specific Annexin V 
positive cells was calculated as follows: [(% positive labeling cells with grB 
and AD - % positive labeling cells without grB and ADKAD - % positive 
labeling cells without grB and AD)] x 100. 
Immunoblotting 

25 Cellular lysates were collected by directly harvesting 10 5 

cells into 100 pi of sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) gel loading buffer and subjected to SDS- 
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PAGE analysis. Proteins were transferred to nitrocellulose (Micron 
Separations Inc.) by using a semidry transfer apparatus (Tyler Corp.) for 
1 h at 150 mA. Membranes were blocked in phosphate-buffered saline 
(PBS) containing 0.1% Tween 20 (ICN Biomedicals Inc.) and 5% skim milk 
5 for 16 h. Caspase 3 was detected using polyclonal rabbit anti-caspase 3 
at a dilution of 1:10,000. The membrane was incubated with the primary 
antibody for 2 h, after which the blot was washed three times in PBS 
containing 0.1% Tween 20. The membranes were probed with a 
horseradish peroxidase-conjugated goat anti-rabbit secondary antibody 
10 (Bio-Rad Laboratories) at a 1:20,000 dilution. Transferred proteins were 
visualized with a chemiluminescence detection system (Amersham Inc.). 
Results 

Binding of GrB Correlates to Cell Surface MPR Expression 

As human cells (and other animal cells as well) possess 

1 5 two types of mannose-6-phosphate receptors, the -270 kDa CI-MPR and 
the 46 kDa CD-MPR, that both have a high binding affinity for proteins with 
phosphomannosyl residues (Motyka et al., 2000). The binding of grB-biotin 
was compared with the level of expression of cell surface MPR by flow 
cytometric analysis using antisera specific for the CI- and CD-MPR. All 

20 the breast carcinoma cell lines, as well as Jurkat cells, wild-type L cells 
and L cells that were either deficient in the expression of CI-MPR (MS) or 
that were transfected to overexpress the CI-MPR (MS9II) were treated as 
described above in Example 2. We found a direct correlation between cell 
surface MPR expression and grB binding (Fig.6). In addition, we identified 

25 two carcinoma cell lines, SK-BR-3 and MDA-MB-231 that have very low 
levels of expression of cell surface CI-MPR, even comparable to MS (CI- 
MPR-) cells. For SK-BR-3 cells, this is in agreement with the results 
obtained from internal anti-CI-MPR labeling, which also displayed reduced 
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levels of CI-MPR (Fig.7). We also observed decreased levels of total CI- 
MPR in MCF-7 cells. In contrast, MDA-MB-231 cells displayed steady- 
state levels of CI-MPR expression, suggesting that MDA-MB-231 cells can 
avoid grB/CI-MPR-mediated apoptosis by decreasing expression of cell 
5 surface CI-MPR. 

Furthermore, we observed high levels of expression of 
cell surface CD-MPR in three of the breast cancer cell lines, T47-D, SK- 
BR-3 and MDA-MB-231 (Fig.6). The level of expression of cell surface 
CD-MPR in the MCF-7 cell line was similar to L cells that were transfected 

10 to overexpress the CD-MPR (data not shown). A likely explanation for the 
significant binding of grB despite reduced surface CI-MPR expression in 
the MDA-MB-231 cell line is that grB is capable of binding also to the CD- 
MPR. A striking difference between CD-MPR and CI-MPR is the inability 
of the former to mediate internalization of M6P containing ligands 

15 (Sandholzer et aL, 2000). Only under specific conditions such as high 
ligand concentration and strong overexpression of the receptor, is a low 
endocytic activity of CD-MPR detectable (Watanabe et at., 1990). We 
cannot rule out a minor CD-MPR pathway; perhaps a local concentration 
of grB can be achieved at the CTL-target interface such that some uptake 

20 can occur via the CD-MPR (Motyka et aL, 2000). The inability of 
overexpressed CD-MPR to endocytose grB could be beneficial for a tumor 
cell because the high levels of surface CD-MPR could act as a sink for grB 
and thus prevent it from acting on the CI-MPR. Thus, an increased 
expression of CD-MPR may be yet another method to lower or inhibit grB- 

25 mediated apoptosis. 

Discussion 
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Taken together, the findings reported in Example 2 
demonstrate that all the breast carcinoma cell lines use several strategies 
to evade granule purified grB-mediated apoptosis. 

We observed a clearly reduced level of expression of cell 
5 surface CI-MPR in SK-BR-3 and MDA-MB-231 cells (Fig.6). If the binding 
and internalization of grB by receptor-mediated endocytosis is necessary 
for apoptosis, then grB that does not bind to the cell surface should be 
ineffective at killing. Consistent with this assumption, we did not observe 
any caspase-3 activation in the presence of grB and AD. Since grB has 

1 0 been shown in vitro to cleave caspase-3 (Barry et al., 2000), this strongly 
implies that grB is not being internalized. However, in the MDA-MB-231 
cell line we observed a high level of grB binding. A striking difference 
between the MDA-MB-231 and SK-BR-3 cell line is the high level of 
expression of cell surface CD-MPR in the latter. The most obvious 

15 explanation is that CD-MPR also binds grB resulting in increased grB 
binding, but in turn preventing its' entry via the large receptor. Furthermore 
it appears that CI-MPR is actively prevented from being externalized on 
the surface of MDA-MB-231 cells, as they appear to have relatively normal 
levels of total CI-MPR expression (Fig.7). Undoubtedly the reduction in cell 

20 surface CI-MPR expression plays a significant role in preventing the entry 
of grB. 

The levels of expression of cell surface CI-MPR were 
relatively normal in the MCF-7 and T47-D cell lines and both in turn bound 
grB at significant levels (Fig.6). Interestingly, both cell lines are estrogen 
25 receptor-positive cell lines and it has been shown that estradiol specifically 
decreases the steady-state level of the CI-MPR protein and mRNA 
(Mathieu et al., 1991). Therefore in vivo, hormone-dependent breast 
cancer cells could down-regulate the CI-MPR, in turn preventing grB- 
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mediated cell killing. It would be interesting to culture these cell lines in the 
presence of estrogens anti-estrogens such as tamoxifen and then 
examine MPR expression and grB binding. The estradiol-induced down- 
regulation of the CI-MPR was not observed in the ER-negative MDA-MB- 
5 231 cell line. 

Yet, as we did for MDA-MB-231 cells, we observed a high 
level of expression of surface CD-MPR for T47-D and MCF-7 cells. Based 
on these results, we propose that CD-MPR is capable of binding grB but 
unable to endocytose it, thus elevated levels of the small receptor could 

10 act as a sink for grB, preventing it from interacting with the CI-MPR. This 
would create a local immunosuppressive environment in a fashion 
analogous to secreted tumor necrosis factor receptor or Fas ligand 
(Motyka et al., 2000). The incapacity of CD-MPR to endocytose grB is 
supported by the results presented in Example 1 using cells which over- 

15 express CD-MPR (e.g. which are essentially unable to internalize grB and 
unable to undergo grB-mediated apoptosis). 

We also confirmed that MCF-7 and T47-D cells possess 
mutations in the apoptotic pathway that also protect against grB-mediated 
cell death. MCF-7 cells express no caspase 3 due to a deletion within 

20 exon three that is critical for correct processing of the mRNA. Caspase-3 
is required for DNA fragmentation and morphological changes associated 
with apoptosis (Janicke et al. 1998, J. Biol. Chem. 273:9357-9360). When 
MCF-7 cells were treated with granzyme B and adenovirus, no DNA- 
fragmentation or phosphatidylserine externalization could be detected 

25 (Figs. 9 and 10). However, previous studies from our laboratory have 
demonstrated that MCF-7 cells are not resistant to CTL-mediated killing. 
We have demonstrated that mitochondrial collaspe and cytochrome c 
release, also hallmarks of apoptosis, occur independent of caspase 



WO 02/34910 



PCT/CA01/01521 



-85- 



activation during granule-mediated apoptosis (Barry et al., 2000). These 
results reiterate that caspase 3 is necessary for grB-mediated DNA 
fragmentation and phosphatidylserine externalization. 

Internalized grB was responsible for the cleavage of 
5 caspase-3 (Fig. 11) and Bid (data not shown) in T47-D cells. Direct 
cleavage of Bid bypasses the need for caspase-8 activation of Bid, a 
major effector molecule in Fas-mediated apoptosis (Barry et ah, 2000). 
Yet we were unable to detect any phosphatidylserine exposure or DNA 
fragmentation in T47-D cells following treatment with granzyme B and 
10 adenovirus (Figs. 9 and 10), indicating that the T47-D cell line is somehow 
altered downstream of caspase-3 activation in the grB-mediated apoptotic 
pathway. 

Another possible evasive strategy, which was not 
examined in this study, is the secretion by tumor cells of ligands capable 

15 of either saturating the cell surface CI-MPR or sequestering grB. In either 
case, grB is prevented from acting on the CI-MPR. It has been shown that 
insulin-like growth factors (IGFs) stimulate the release of sCI-MPR from 
MCF-7 cells (Contort et al., 1995). Both hormone-dependent and 
independent breast cancer cells secrete more procathepsin-D, a CI-MPR 

20 ligand, than normal mammary cells cultured in the same conditions 
(Mathieu et al., 1991). 

Because of the negative results observed with grB- 
mediated DNA fragmentation and membrane changes, it was essential to 
determine if the various breast cancer cell lines could die by apoptosis (i.e. 

25 could the grB-dependent apoptosis defect in fact be dependent on a 
defect in a downstream factor involved in apoptosis). For example, 
although caspase-3 deficient MCF-7 cells are resistant to grB-mediated 
DNA fragmentation and phosphatidylserine externalization, we know that 
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CTLs can destroy MCF-7 cells via a caspase-3 independent pathway 
(Barry et al., 2000). Apoptosis can be induced by various stimuli including 
DNA-damaging anticancer drugs and the protein kinase inhibitor 
staurosporine. While experiments involving staurosporine are ongoing, 
5 preliminary results indicate that procaspase-3 is cleaved in all the cells 
after treatment with staurosporine (Fig. 12). Thus, caspase 3 is activable 
in these cells. It follows that if grB was internalized in these cells, the CTL- 
dependent killing induced by grB could be activated. It follows that 
restoration of grB internalization in such cells could enable CTL-killing 

10 thereof. Thus, increasing internalization of grB in cancer cells initially 
having a decreased level thereof, together with a vaccine therapy could be 
used in a CTL-mediated tumor killing therapy for such cancers. 

We also cannot neglect the possibility that in any one of 
the breast carcinoma cell lines, the CI-MPR gene sequence may be 

15 mutated, e.g., amino-acid substitutions. Previous results indicate no 
mutation of the CI-MPR coding sequence in MCF-7 and MDA-MB-231 
cells (Ray et al., 2000). Nonetheless, this does not rule out post- 
translational modifications that could also cause the receptor to become 
nonfunctional. The CI-MPR receptor sequences in SK-BR-3 and T47-D 

20 cell lines have yet to be characterized. As noted above, both MCG-7 and 
T47-D possess mutations in factors involved in the apoptotic pathway, 
thus reinforcing the possibility that mutation could be present in genes 
more directly involved in grB internalization and triggering of grB-mediated 
apoptosis. In any event, without wanting to be limited to a particular 

25 theory, the present invention clearly and unequivocally identifies essential 
factors in grB-mediated apoptosis and CTLs. It is clear that cells have 
divised multiple non-exclusive means to override the grB-mediated 
apoptotic pathway. It has herein been demonstrated that grB 



WO 02/34910 



PCT/CA01/01521 



-87- 



internalization through its receptor is a cornerstone even for proper cellular 
homeostasy. The instant invention has thus important implications not only 
in apoptosis and CTL-induced apoptosis r but in all diseases, conditions, 
or normal cellular processes which are dependent on the binding and/or 
5 internalization of grB by cells. Non-limiting examples thereof include 
cancer, auto-immune diseases, transplantation and viral infections and 
more broadly, disease or conditions associated with a deregulation of grB 
internalization in cells (e.g. multiple sclerosis). 

10 EXAMPLE 3 

Conservation of the sequences of the present 
invention throughout evolution 

The methods and assays of the present invention can be 
performed with sequences from animals in general, preferably mammalian 
15 species, in view of the significant conservation of their amino acid and 
nucleotide sequences and of experiments demonstrating functional 
complementation between evolutionary divergent animal species. Three 
alignments are shown in Figures 13-15. 



20 CONCLUSION 

We have demonstrated that the CI-MPR is a receptor for 
grB on the target cell surface and that this recognition is necessary for the 
efficient apoptosis of target cells mediated by granule-purified grB or by 
CTL. The modulation of the CI-MPR on the target cell surface or the 
25 modulation of the level and/or activity of internalized grB (or grA) would 
thus have profound repercussions on the ability of CTL to induce 
apoptosis by the grB-mediated pathway. 
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In conclusion, we have identified elements of a potential 
model to describe how breast carcinoma cell lines can evade grB- 
mediated apoptosis. Firstly, the down-regulation of surface CI-MPR and/or 
up-regulation of surface CD-MPR, thus preventing the entry of grB into the 
5 cell. Secondly, key mutations or deletions in apoptotic pathways that 
prevent grB-mediated apoptosis. The next step is to apply our model to 
primary tissue to determine if similar mechanisms are used in order to 
avoid CTL-mediated apoptosis in vivo. 

Although the present invention has been described 
1 0 hereinabove by way of preferred embodiments thereof, it can be modified 
without departing from the spirit and nature of the subject invention as 
defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of inhibiting a disease or disorder in an 
individual associated with an enhanced internalization of granzyme B 

5 (grB), comprising administering to said individual an effective amount of 
an agent which inhibits grB binding to the cation-independent mannose 6- 
phospate receptor (CI-MPR) and/or internalization of grB thereby. 

2. The method of claim 1 , wherein the agent is selected 
10 from the group consisting of antisense polynucleotide to the CI-MPR, 

soluble cation-dependent mannose 6-phospate receptor (CD-MPR), 
soluble CI-MPR, a mannose 6-phosphate containing molecule, an agent 
which increases the level of CD-MPR on the outer membrane of a cell 
associated with said disease or disorder, and a ligand which saturates Cl- 
15 MPR or sequesters grB. 

3. The method of claim 2, wherein said ligand is an 
antibody which binds to CI-MPR. 

20 4. A method of increasing granzyme B internalization in 

a cell comprising increasing the level and/or activity of CI-MPR on the 
outer membrane of said celL 

5> The method of claim 4, wherein said increased level 
25 of CI-MPR on the outer membrane of said cell is effected by increasing 
expression of a gene encoding CI-MPR. 
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6. The method of claim 4, wherein said increased level 
of CI-MPR on the outer membrane is effected by administration to the cell 
of a polynucleotide encoding the CI-MPR receptor. 

5 7. The method of claim 6, wherein the polynucleotide is 

delivered to said cell. 

8. The method of claim 4, wherein said increased 
increased level of CI-MPR on the outer membrane is effected by of Cl- 

10 MPR on the outer membrane is effected by increasing externalization of 
intracellularly localized CI-MPR. 

9. A method for identifying an agent that modulates Cl- 
MPR-dependent internalization of granzyme B in a cell comprising 

15 contacting a CI-MPR, or fragment thereof in the presence or absence of 
a candidate compound and assaying a biological function of said CI-MPR, 
or fragment thereof, wherein a modulator of said CI-MPR-dependent 
internalization of granzyme B is selected when said biological function is 
measurably different in the presence of said candidate agent as compared 

20 to in the absence thereof. 

10. A method for identifying an agent that modulates Cl- 
MPR-dependent internalization of granzyme B in a cell comprising 
contacting a CI-MPR, or fragment thereof with a mannose 6-phosphate- 

25 containing molecule in the presence or absence of a candidate compound 
and assaying a biological function of said CI-MPR, wherein a modulator 
of said CI-MPR-dependent internalization of granzyme B is selected when 
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said biological function is measurably different in the presence of said 
candidate agent as compared to in the absence thereof. 

11. The method of claim 10, wherein said mannose 6- 
5 phosphate containing molecule is granzyme B (grB), and wherein said 
biological function is a biological function effected by grB. 
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WHAT IS CLAIMED IS: 

1. A method of inhibiting a disease or disorder in an 
individual associated with an enhanced internalization of granzyme B 

5 (grB), comprising administering to said individual an effective amount of 
an agent which inhibits grB binding to the cation-independent mannose 6- 
phospate receptor (CI-MPR) and/or internalization of grB thereby. 

2. The method of claim 1 , wherein the agent is selected 
10 from the group consisting of antisense polynucleotide to the CI-MPR, 

soluble cation-dependent mannose 6-phospate receptor (CD-MPR), 
soluble CI-MPR, a mannose 6-phosphate containing molecule, an agent 
which increases the level of CD-MPR on the outer membrane of a cell 
associated with said disease or disorder, and a ligand which saturates Cl- 
1 5 MPR or sequesters grB. 

3. The method of claim 2, wherein said ligand is an 
antibody which binds to CI-MPR. 

20 4. A method of increasing granzyme B internalization in 

a cell comprising increasing the level and/or activity of CI-MPR on the 
outer membrane of said celL 

5. The method of claim 4, wherein said increased level 
25 of CI-MPR on the outer membrane of said cell is effected by increasing 
expression of a gene encoding CI-MPR. 
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6. The method of claim 4, wherein said increased level 
of CI-MPR on the outer membrane is effected by administration to the cell 
of a polynucleotide encoding the CI-MPR receptor. 

5 7> The method of claim 6, wherein the polynucleotide is 

delivered to said cell. 

8. The method of claim 4, wherein said increased 
increased level of CI-MPR on the outer membrane is effected by of Cl- 

10 MPR on the outer membrane is effected by increasing externalization of 
intracellularly localized CI-MPR. 

9. A method for identifying an agent that modulates Cl- 
MPR-dependent internalization of granzyme B in a cell comprising 

15 contacting a CI-MPR, or fragment thereof in the presence or absence of 
a candidate compound and assaying a biological function of said CI-MPR, 
or fragment thereof, wherein a modulator of said Cl-M PR-dependent 
internalization of granzyme B is selected when said biological function is 
measurably different in the presence of said candidate agent as compared 

20 to in the absence thereof. 

10. A method for identifying an agent that modulates Cl- 
MPR-dependent internalization of granzyme B in a cell comprising 
contacting a CI-MPR, or fragment thereof with a mannose 6-phosphate- 

25 containing molecule in the presence or absence of a candidate compound 
and assaying a biological function of said CI-MPR, wherein a modulator 
of said CI-MPR-dependent internalization of granzyme B is selected when 
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said biological function is measurably different in the presence of said 
candidate agent as compared to in the absence thereof. 

11. The method of claim 10, wherein said mannose 6- 
5 phosphate containing molecule is granzyme B (grB), and wherein said 
biological function is a biological function effected by grB. 
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SEQUENCE LISTING 



SBQ ID NO ;1 



human CIMPRna 



5'UT: 
Gene: 
Signal : 
CDS: 
Mature : 
CIMPR repeat: 
CIMPR repeat: 
CDMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 
CIMPR repeat: 



1-147 

1-9090 

148-267 

148-7623 

268-7620 

535-942 

976-1407 

1114-1578 

1414-1866 

1870-2295 

2314-2772 

3235-9090 

3238-3681 

3694-4104 

4111-4533 

4540-4944 

4969-5340 

5422-5829 

5992-6396 

6859-6987 



Pibronectin type 2 domain: 5842-5973 

Fibronectin type 2 domain: 5845-5973 

Pibronectin type 2 domain: 58540-5973 

Transmemb . domain 7060-7128 

3'UT 7621-9090 



Variation: 


1197, 


Variation: 


1737, 


Variation: 


1982, 


Variation: 


2286, 


Variation: 


3908, 


Variation: 


4330, 


Variation: 


4755, 


Variation: 


5255, 


Variation: 


5946, 


Variation: 


6206, 


Variation: 


6813, 


Variation: 


8685, 


Variation: 


9013, 



allele="A»/allele= ,, G M 
allele= "G" /allele^ "A" 
allele="A"/allele=»G w 
allele="A n /allele=»G M 
alleles "A" /allele= " C» 
allele= n A n /allele="T B 
allele= n G n /allele=»A" 
allele="G"/allele="C M 
allele^C/allele^T" 
allele= M A"/allele=»G" 
allele=*C"/allele=°T n 
allele="C"/allele= tt A" 
allele= n T»/allele= n G n 
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1 cgagcccagt cgagccgcgc bcaccbcggg 
61 cctggcggcg cgaccccgtc ccggcgcggc 
121 cccgccgcgc agtccgggcc cggcgcgatg 
181 gggcccgcgc ccgcccgccg cccgcagcgc 
241 gtcgctgccc cggggtccac gcaggcccag 
301 acabgggaag ctgttgatac caaaaataat 
361 gbggababbg tccagtgcgg gccatcaagt 
421 acbbabcabb cagtgggtga ctctgttttg 
481 aacacaacag tgagctgtga ccagcaaggc 
541 ttcctgtgtg ggaaaacccb gggaactcch 
601 tactttgagt ggaggaccac tgcagcctgc 
661 gtgccatgct atgtgttfcga tgaagagfctg 
721 cbbagbggbg cctacttggt ggabgacbcc 
781 tgtagagaca tagacacact acgagaccca 
841 actgccgcct gcctggtaag aggacaccag 
901 ctgaagctgg tgcgcaagga caggcttgtc 
961 cbagacbbbb gtgatggtca cagccctgcg 
1021 cggagagagg gcaccattcc caaactcaca 
1081 tggattactg agtatgcctg ccacagagat 
1141 ggcgagcagc aggatgtctc catagacctc 
1201 tatatttcag abggaaaaga ababbbgbbb 
1261 cagbbcbgba ataaaaaaca agctgcagtt 
1321 gtcaaagcag caggaagaba ccacaatcag 
1381 bbgabababb bbggaggbga tgaabgcagc 
1441 bbbgagbgca ataaaaccgc aggbaacgab 
1501 gbbgacbgca ccbacbbcbb cacatgggac 
1561 gaccbccbcb gcggbgccac cgacgggaag 
1621 catgcagaac cagagcagaa tbgggaagct 
1681 aagcabtbbb bcatbaabab tbgbcacaga 
1741 cccgaggacg cggcagbgbg tgcagbggab 
1801 abbbcctcbc ccabgaaaga gaaaggaaac 
1861 bgbggtcabg gcaagaaaab baaaactaat 
1921 gaaagtgcac cagbgbtgag aacbbcbggg 
1981 cgcacagcbg cggccbgbgb gcbgbcbaag 
2041 bcccaggcag ggbbbbcbbb tgacbbabca 
2101 gbbgagacaa agaagbabga cbbbbababa 
2161 bgbcagccag acbcaggagc ctgccaggbg 
2221 ggbcbgagba abgcgaagcb bbcababbab 
2281 ggcacacccb ataacaabga aagacacaca 
2341 gabcgagacg cgggagbggg cbbcccbgaa 
2401 bbccggbggb acaccagcba bgccbgcccg 
2461 cccbccacgc bggagcagba cgaccbcbcc 
2521 ggaaactggb abgccatgga caacbcaggg 
2581 aacgbgbgbc ggccbcbgaa bccagbgccg 
2641 atgaagbabg aaaaagabca gggcbccbbc 
2701 abggcaaaga ccggcccggb ggbbgaggac 
2 761 gggbcggccb gcaccaccag cgabggcaga 
2821 gbcbgcbcca ggggcaggcb gaacagccac 
2881 gbcagbbbcc bgbggaacac agaggcbgcc 
2941 caggcbbgcb cbabaaggga bcccaacagb 
3001 agbbcgcaag gababaacgt cbcbggcabt 



cbcccgcbcc gbcbccaccb ccgccbbbgc 
ccccagcagt cgcgcgccgb bagccbcgcg 
ggggccgccg ccggccggag cccccaccbg 
bcbcbgcbcc bgcbgcagcb gcbgcbgcbc 
gccgccccgb bccccgagcb gbgcagbbab 
gbacbbbata aaabcaacat cbgbggaagt 
gcbgbbbgba bgcacgacbb gaagacacgc 
agaagtgcaa ccagabcbct cctggaabtc 
acaaabcaca gagbccagag cagcabbgcc 
gaabbbgbaa cbgcaacaga abgbgbgcac 
aagaaagaca babbbaaagc aaabaaggag 
aggaagcabg abcbcaabcc bcbgabcaag 
gabccggaca cbbcbcbabb cabcaabgbb 
ggbbcacagc bgcgggccbg bccccccggc 
gcgbbbgabg bbggccagcc ccgggacgga 
cbgagbbacg tgagggaaga ggcaggaaag 
gbgacbabba cabbtgbtbg cccgbcggag 
gcbaaabcca acbgccgcba bgaaabbgag 
baccbggaaa gbaaaacbbg bbcbcbgagc 
acaccacbbg cccagagcgg aggbbcabcc 
babbbgaabg bctgtggaga aacbgaaaba 
bgccaagbga aaaagagcga baccbcbcaa 
acccbccgab abbcggabgg agaccbcacc 
bcagggbbbc agcggabgag cgbcabaaac 
gggaaaggaa cbccbgbabb cacaggggag 
acggaabacg ccbgbgbbaa ggagaaggaa 
aagcgcbabg accbgbccgc gcbggbccgc 
gbggabggca gbcagacgga aacagagaag 
gbgcbgcagg aaggcaaggc acgagggbgb 
aaaaabggaa gbaaaaabcb gggaaaabbb 
abbcaacbcb cbbabbcaga bggbgabgab 
abcacacbbg babgcaagcc aggbgabcbg 
gaaggcggbb gcbbbbabga gbbbgagbgg 
acagaagggg agaacbgcac ggbcbbbgac 
ccbcbcacaa agaaaaabgg bgccbabaaa 
aabgbgbgbg gcccggbgbc bgbgagcccc 
gcaaaaagbg abgagaagac bbggaactbg 
gabgggabga bccaacbgaa cbacagaggc 
ccgagagcba cgcbcabcac cbbbcbcbgb 
babcaggaag aggabaacbc caccbacaac 
gaggagcccc bggaabgcgb agbgaccgac 
agbcbggcaa aabcbgaagg bggccbbgga 
gaacabgbca cgbggaggaa abacbacabb 
ggcbgcaacc gababgcabc ggcbbgccag 
acbgaagbgg bbbccabcag baacbbggga 
agcggcagcc bccbbcbgga abacgbgaab 
cagaccacab abaccacgag gabccabcbc 
cccabcbbbb cbcbcaacbg ggagbgbgbg 
bgbcccabbc agacaacgac ggabacagac 
ggabbbgbgb bbaabcbbaa bccgcbaaac 
gggaagabbb bbabgbbbaa bgbcbgcggc 
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3061 acaatgcctg tctgtgggac catcctggga 
3X21 caaactgaag agctcaagaa ttggaagcca 
3181 cagctgtcca cagagggctt cabcacbcbg 
3241 accgctgatg cttttatcgt ccgcbbbgbb 
3301 aaattcctgc atcaagatat cgactchggg 
3361 gaaaccgcgt tggcctgtgt tccttctcca 
3421 aatgagtacg acctgactgg cctaagcaca 
3481 tctgtcgatg ggagaaagag gacbbbcbab 
3541 cctggatgcc agggcagcgc agbggggbcb 
3601 ctgggtgtgg bgcagabgag tccccaagcc 
3661 gtcaacggtg acaagtgtgg gaaccagcgc 
3721 cagatatcgg gctcaccagc atttcagctt 
3781 agaactgtgg aagcctgtcc cgttgtcaga 
3841 ccaaggcatg gcaacbbgba tgacctgaag 
3901 gctggcgaat acacttatta cttccgggtc 
3961 acaagtgaca agtccaaggt ggtctcctca 
4021 cacaaagtgg caggtctcct gacbcagaag 
4081 aacttcacgg ggggggacac htgccataag 
4141 tactgtgacc gcggcaccca gcggccagta 
4201 ttgtttgagt ggcgaacgca gtatgcctgc 
4261 aaagatgggg ctggcaactc cttcgacctc 
4321 gaagccatca ctgggacggg ggacccggag 
4381 gccccgcagg ctggcactga gccgbgcccb 
4441 tccaagcccg tgaacctcgg cagggtaagg 
4501 gtcctgaaat acgttgatgg cgacttatgt 
4561 atccgattca ccbgcagcga gagccaagtg 
4621 gaggacbgbg agbacaccbb tgcctggccc 
4681 gagcatgatg actgccaggt caccaaccca 
4741 ttaagtggca gggcgggatt cacagctgct 
4801 abcbgbgggg agaatgaaaa ctgccctcct 
4861 attagcgtgg gcaaggccaa caagaggctg 
4921 tacaaggatg ggbccccbbg tccctccaaa 
4981 ttcgtgtgca ggcctgaggc cgggccaacc 
5041 cagacatgca ctctcttcbt cbccbggcac 
5101 tghtccgfcga ggaatggaag ctctattgth 
/ 5161 ggttatgagg cbbabgabga gagtgaggat 
5221 ahcaatattt ghcagccact aaatcccatg 
5281 gtgtgcaaag bbccbabbga bggbcccccc 
5341 atactcaatc caatagcaaa tgagatttac 
5401 gcggacaagc atbtcaacba caccbcgcbc 
5461 atgggaacgc cbaagcbgbb aaggaccagc 
5521 cctgtcgtct gtcctgatga agtgaggatg 
5581 ctctacagct tcaacttgtc cagcctttcc 
5641 cgcacctaca gcgttggggt gbgcaccbbb 
5701 gacggaggag tcbgtctgct cbcaggcacc 
5761 abgaaacbgg abbacaggca ccaggabgaa 
5821 cgbbgcccbc cagaaaccga bgacggcgtc 
58 81 aagagcbacg aggagbgcab cabagagagc 
5941 gacbacgaca gagaccacga gbggggcbtc 
6001 agcafccabat bbaagbgbga bgaagabgag 
6061 gbgcgbgggt gbgabgfcgac abbbgagbgg 



aaaccbgcbb ctggcbgbga ggcagaaacc 
gcaaggccag bcggaabbga gaaaagccbc 
accbacaaag ggccbcbcbc bgccaaaggb 
bgcaabgabg abgbbtacbc agggccccbc 
caagggabcc gaaacacbba cbbbgagbbb 
gbggacbgcc aagbcaccga ccbggctgga 
gbcaggaaac cbbggacggc bgbbgacacc 
bbgagcgbbb gcaabccbcb cccbbacabb 
bgcbbagbgb cagaaggcaa bagcbggaab 
gcggcgaabg gabcbbbgag cabcabgbab 
bbcbccacca ggabcacgbb bgagbgbgcb 
caggabggbb gbgagbacgb gbbbabcbgg 
gbggaagggg acaacbgbga ggbgaaagac 
ccccbgggcc bcaacgacac cabcgbgagc 
bgbgggaagc bbbccbcaga cgbcbgcccc 
bgbcaggaaa agcgggaacc gcagggabbt 
cbaacbbabg aaaatggcbb gbbaaaaabg 
gbbbabcagc gcbccacagc cabcbbcbbc 
bbbcbaaagg agacbbcaga bbgbbccbac 
ccaccbbbcg abcbgacbga atgbbcabbc 
bcgbcccbgb caaggbacag bgacaacbgg 
cacbaccbca bcaabgbcbg caagbcbcbg 
ccagaagcag ccgcgbgbcb gcbgggbggc 
gacggaccbc agbggagaga bggcabaabb 
ccagabggga bbcggaaaaa gbcaaccacc 
aacbccaggc ccabgbbcab cagcgccgbg 
acagccacag ccbgbcccab gaagagcaac 
agcacaggac accbgbbbga bcbgagcbcc 
bacagcgaga aggggbbggb bbacabgagc 
ggcgbggggg ccbgcbbbgg acagaccagg 
agatacgbgg accaggbccb gcagcbggbg 
bccggccbga gcbabaagag bgbgabcagb 
aabaggccca bgcbcabcbc ccbggacaag 
acgccgcbgg ccbgcgagca agcgaccgaa 
gacbbgbcbc cccbbabbca bcgcacbggb 
gabgccbccg abaccaaccc bgabbbcbac 
cacgcagbgc ccbgbccbgc cggagccgcb 
abagababcg gccgggbagc aggaccacca 
bbgaabbbbg aaagcagbac bccbbgcbba 
abcgcgbbbc acbgbaagag aggbgbgagc 
gagbgcgacb bbgbgbbcga abgggagact 
gatggcbgba cccbgacaga bgagcagcbc 
acgagcaccb bbaaggbgac bcgcgacbcg 
gcagbcgggc cagaacaagg aggcbgbaag 
aagggggcab ccbbtggacg gcbgcaatca 
gcggbcgbbb baagbbacgb gaabggbgab 
cccbgbgbcb bccccbbcab abbcaabggg 
agggcgaagc bgbggtgtag cacaacbgcg 
bgcagacacb caaacagcba ccggacabcc 
gacabbggga ggccacaagb cbbcagfcgaa 
aaaacaaaag bbgbcbgccc bccaaagaag 
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6121 ttggagtgca aattcgtcca gaaacacaaa 
6181 accgggtcct ggtccctggt ccacaacgga 
6241 atatataaag ggcccctggg ctgctctgaa 
6301 ggtgacgtcc aggtcctggg actcgttcac 
6361 gttgttgtca cgtachccaa aggttatccg 
6421 atagaattga cctgtacaaa gacggtgggc 
6481 agctgcactt actacttcag ctgggactcc 
6541 gtgcagatgg tgaafcgggac catcaccaac 
6601 gatatttatt ttaagctgtt cagagcctct 
6661 ctgtatgaga tccaactttc ctccatcaca 
6721 aacatatgcc aggtgaagcc caacgafccag 
6781 aagaccaagt actaccttca agacggcgat 
6841 tgcggaaagg ataagaccaa gtctgtttct 
6901 gtggaggacg ggatccccga gttcagtcac 
6961 tggtacacct cagccgtgtg tcctctgggg 
7021 gacgggcaga tgcacaaggg gctgtcagaa 
7081 ctgctgctgg tggcgctcac ctgctgcctg 
7141 agggaaacag tgataagtaa gctgaccact 
7201 aaatactcaa aggtgaataa ggaagaagag 
7261 gaagagatcc agctgcctcc tccacggcag 
7321 accaccaagt cagtgaaagc cctcagctcc 
7381 gaggttctga ccatcccaga gghgaaagtt 
7441 tcccacccag tgagaaacgc acagagcaat 
7501 gggctggtca ggggtgagaa ggcgaggaaa 
7561 gtgagctcca ccaagctggt gtccttccat 
7621 tgactccgca gtgcctgcag gggagcacgg 
7681 aataagactt ccactcgatg atgctfcctat 
7741 ggaagagttt ttgtgatggg ggagagggtg 
7801 gtttacagtc attggaataa ggcatggctc 
7861 agggttttgc cccaagtcct catttaaaag 
7921 gctgcattcg aagaaaccct tgctgcttta 
7981 tttagcattt taatfcctctc cccctattta 
8041 aaaggaaaaa aaaacagcca ccgtttcttc 
8101 tccatcttga gatggtgagg ctgtcagtgt 
8161 ggtcattaat gtgtcccctg agttggagct 
8221 tttcttaagg gcacacacac gtgcgtgcga 
8281 cgagtgccta ggttttggag agtttgcctg 
8341 ctttttgcat gatatcttca agcctgggcg 
8401 gctggtgaat tcaaacaacc tgcccaaaga 
8461 tgtgtgtgtg tgtgtgagtg gagttgaggt 
8521 gggtataggt ctcatctctt caggttctca 
8581 aagaaaaaag tgttgatcaa ccattcgacc 
8641 acttacagaa actgcatgaa aaatcatggg 
8701 cctcatgctg gagggaggct gggcgggtac 
8761 atggcgtgga ggaggaggga ggccgggcgg 
8821 tggtgttctt attctggcgg cagcgcctbt 
8881 cattgtagaa ttgtatatag actctggtgt 
8941 catccctcag cctgtaccgg tttggctggc 
9001 aaaattgatt tttctcttca tttttttttc 
9061 acaatttcaa taaaagataa attattaaaa 



acctacgacc tgcggctgct ctcctctctc 
gtctcgtact atataaatct gtgccagaaa 
agggccagca tttgcagaag gaccacaact 
acgcagaagc tgggtgtcat aggtgacaaa 
tgtggtggaa ataagaccgc atcctccgtg 
agacctgcat tcaagaggtt tgatatcgac 
cgggctgcct gcgccgtgaa gcctcaggag 
ccfcataaatg gcaagagctt cagcctcgga 
ggggacatga ggaccaatgg ggacaactac 
agctccagaa acccggcgtg ctctggagcc 
cacfctcagtc ggaaagttgg aacctctgac 
ctcgatgtcg tgtttgcctc ttcctctaag 
tccaccatct tcttccactg tgaccctctg 
gagactgccg actgccagta cctcttctct 
gtgggctttg acagcgagaa tcccggggac 
cggagccagg cagtcggcgc ggtgctcagc 
ctggccctgt tgctctacaa gaaggagagg 
tgctgtagga gaagttccaa cgfcgtcctac 
acagatgaga atgaaacaga gtggctgatg 
ggaaaggaag ggcaggagaa cggccatatt 
ctgcatgggg atgaccagga cagtgaggat 
cactcgggca ggggagctgg ggcagagagc 
gcccttcagg agcgtgagga cgatagggtg 
gggaagtcca gctctgcaca gcagaagaca 
gacgacagcg acgaggacch cttacacatc 
agccgcggga cagccaagca cctccaacca 
aatthtgcct ttaacagaaa ctttcaaaag 
aaggaggtca ggccccactc cttcctgatt 
agatcggcca cagggcggta ccttgtgccc 
cataaggccg gacgcatctc aaaacagagg 
gtcccgatag ggtatttgac cccgatatat 
ttgactttga caattactca ggtttgagaa 
ctgccagcag gggtgtgatg taccagtttg 
atggggcagc ttccggcggg atgttgaact 
cattctgtct cttttctctt ttgctttctg 
gcacacacac acatacgtgc acagggtccc 
ttctatgcct ttagtcagga atggctgcac 
tacagagcac atttgtcagt atttttgccg 
ttgatttgtg tgtttgtgtg tgtgtgtgtg 
gtcagagaaa atgaattttt tccagatttg 
tgataccacc tttactgtgc ttattttttt 
tataagaagc cttaatttgc acagtgtgtg 
ccagagcctc ggccctagca ttgcacttgg 
agcgcggagg aggagggagg ccaggcgggc 
tcacagcatg gaggaggagg gaggcgctgc 
cctgccatgt ttagtgaatg acttttctcg 
tctattgctg agaagcaaac cgccctgcag 
ttgtttgatt tcaacatgag tgtatttttt 
aatcaacttt actgtaatat aaagtattca 
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SgQ ID NO: 2 



Human CI-MPR 



1 mgaaagrsph lgpaparrpq rsllllqlll lvaapgstqa qaapfpelcs ytweavdtkn 
61 nvlykinicg svdivqcgps savcmhdlkt rtyhsvgdsv lrsatrslle fnttvscdqq 
121 gtnhxvqssi aflcgktlgt pefvtatecv hyfewrttaa ckkdifkank evpcyvfdee 
181 lrkhdlnpli klsgaylvdd sdpdtslf in vcrdidtlrd pgsqlracpp gtaaclvrgh 
241 qafdvgqprd glklvrkdrl vlsyvreeag kldfcdghsp avtitfvcps erregtipkl 
301 taksncryei ewiteyachr dylesktcsl sgeqqdvsid ltplagsggs syisdgkeyl 
361 fylnvcgete iqfcnkkqaa vcqvkksdts qvkaagryhn qtlrysdgdl tliyfggdec 
421 ssgfqrmsvi nfecnktagn dgkgtpvftg evdctyfftw dteyacvkek edllcgatdg 
4 81 kkrydlsalv rhaepeqnwe avdgsqtete kkhffinich rvlqegkarg cpedaavcav 
541 dkngsknlgk f isspmkekg niqlsysdgd dcghgkkikt nitlvckpgd lesapvlrts 
6 01 geggcfyefe wrtaaacvls ktegenctvf dsqagfsfdl spltkkngay kvetkkydfy 
661 invcgpvsvs pcqpdsgacq vaksdektwn lglsnaklsy ydgmiqlnyr ggtpynnerh 
721 tpratlitfl cdrdagvgfp eyqeednsty nfrwytsyac peeplecwt dpstleqydl 
781 sslakseggl ggnwyamdns gehvtwrkyy invcrplnpv pgcnryasac qmkyekdqgs 
841 ftewsisnl gmaktgpwe dsgsllleyv ngsacttsdg rqttyttrih Ivcsrgrlns 
901 hpifslnwec wsflvmtea acpiqtttdt dqacsirdpn sgfvfnlnpl nssqgynvsg 
961 igkifmfnvc gtmpvcgtil gkpasgceae tqteelknwk parpvgieks lqlstegfit 
1021 ltykgplsak gtadafivxf vcnddvysgp lkflhqdids gqgirntyfe fetalacvps 
1081 pvdcqvtdla gneydltgls tvrkpwtavd tsvdgrkrtf ylsvcnplpy ipgcqgsavg 
1141 sclvsegnsw nlgwqmspq aaangslsim yvngdkcgnq rfstritfec aqisgspafq 
12 01 Iqdgceyvfi wrtveacpw rvegdncevk dprhgnlydl kplglndtiv sageytyyfr 
1261 vcgklssdvc ptsdkskws scqekrepqg fhkvaglltq kltyengllk mnftggdtch 
1321 kvyqrstaif fycdrgtqrp vflketsdcs ylfewrtqya cppfdltecs fkdgagnsfd 
1381 lsslsrysdn weaitgtgdp ehylinvcks lapqagtepc ppeaaacllg gskpvnlgrv 
1441 rdgpqwrdgi ivlkyvdgdl cpdgirkkst tirftcsesq vnsrpmfisa vedceytfaw 
1501 ptatacpmks nehddcqvtn pstghlfdls slsgragfta aysekglvym sicgenencp 
1561 pgvgacfgqt risvgkankr lryvdqvlql vykdgspcps ksglsyksvi Bfvcrpeagp 
1621 tnrpmlisld kqtctlffsw htplaceqat ecsvrngssi vdlsplihxt ggyeaydese 
1681 ddasdtnpdf yinicqplnp mhavpcpaga avckvpidgp pidigrvagp pilnpianei 
1741 ylnfesstpc ladkhfnyts liafhckrgv smgtpkllrt secdfvfewe tpwcpdevr 
1801 mdgctltdeq llysfnlssl ststfkvtrd srtysvgvct favgpeqggc kdggvcllsg 
1861 fckgasfgrlq smkldyrhqd eawlsyvng drcppefcddg vpcvfpfifn gksyeeciie 
1921 sraklwcstt adydrdhewg fcrhsnsyrt ssiifkcded edigrpqvfs evrgcdvtfe 
1981 wktkwcppk kleckfvqkh ktydlrllss ltgswslvhn gvsyyinlcq kiykgplgcs 
2041 erasicrrtt tgdvqvlglv htqklgvigd kvwtyskgy pcggnktass vieltctktv 
2101 grpafkrfdi dsctyyfswd sraacavkpq evqmvngtit npingksfsl gdiyfklfra 
2161 sgdmrtngdn ylyeiqlssi tssrnpacsg anicqykpnd qhfsrkvgts dktkyylqdg 
2221 dldwfasss kcgkdktksv sshiffhcdp Ivedgipefs hetadcqylf swytsavcpl 
2281 gvgfdsenpg ddgqmhkgls ersqavgavl slllvaltcc llalllykke rretvisklt 
2341 tccrrssnvs ykyskvnkee ehdenetewl meeiqlpppr qgkegqengh ittksvkals 
2401 slhgddqdse devltipevk vhegrgagae sshpvxnaqs nalqereddr vglvrgekar 
2461 kgksssaqqk tvsstklvsf hddsdedllh i 
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ID NO :3 



Human CD-MPR 
Gene : 1-2454 
Signal : 171-230 
CDS : 171-1004 
Mature : 249-1001 
CD-MPR s 231-1001 

A number of allelic variation have been noted in the 3'UT :1122, 1148, 
cl425, 1479, 1504, 1870, 2191, 2224, 2234, 2372 

1 ttccggttcc cagagtgggg cacagcgagg cgctaggggg aacgctggcc tctgaaacta 
61 gctctgggac cggggtctgc ggccggcccc tagctggccc cgtctcccat ccccagaagg 
121 gtattcactg gggattctga gctttggcta ctccagtttc ccacgacacg atgttccctt 
181 tctacagctg ctggaggact ggactgctac tactactcct ggctgtggca gtgagagaat 
241 cctggcagac agaagaaaaa acttgcgact tggtaggaga aaagggtaaa gagtcagaga 
3 01 aagagttggc tctagtgaag aggctgaaac cactgtttaa taaaagcttt gagagcactg 
361 tgggccaggg ttcagacaca tacatctaca tcttcagggt gtgccgggaa gctggcaacc 
421 acacttctgg ggcaggcctg gtgcaaatca acaaaagtaa tgggaaggag acagtggtag 
481 ggagactcaa cgagactcac atcttcaacg gaagtaattg gatcatgctg atctataaag 
541 ggggtgatga atatgacaac cactgtggca aggagcagcg tcgtgcagtg gtgatgatct 
601 cctgcaatcg acacacccta gcggacaatt ttaaccctgt gtctgaggag cgtggcaaag 
661 tccaagattg tttctacctc tttgagatgg atagcagcct ggcctgttca ccagagatct 
721 cccacctcag tgtgggttcc atcttacttg tcacgtttgc atcactggtt gctgtttatg 
781 ttgttggggg gttcctatac cagcgactgg tagtgggagc caaaggaatg gagcagtttc 
841 cccacttagc cttctggcag gatcttggca acctggtagc agatggctgt gactttgtct 
901 gccgttctaa acctcgaaat gtgcctgcag catatcgtgg tgtgggggat gaccagctgg 
961 gggaggagtc agaagaaagg gatgaccatt tattaccaat gtagattgca ctttatatgt 
1021 ccagcctctt cctcagtccc ccaaaccaaa gctacacagc cagatttctc aagcagtctc 
1081 aactccagtc cctcatctca cccttactat tgctcttgct ttccagtttg cttttgattt 
1141 gcatcttctc actagtaaaa ctgccttccc tttgttcctt attttctgtt ttttctctag 
1201 agaggtacag ttgtaagtca gagttaatat aatagggcct gtgaaaacag aggcttttgc 
1261 attgtctctt gacatcagaa gttacaatag gcatatgggc aaaatggtgt agcaggctca 
1321 ctggccgttt gttttttaaa cacattttca caagtttttg agacactgga tttctttaat 
1381 taaaaaaaaa atgccaagaa acattattta tacagggttg attgctttca tgttgttatt 
1441 ctgtacccta tagtagcctc catgagaatc tggtatttct tgctgcttgg aactactttg 
1501 cagtgattac ttggttgcag tccaagtact ctcgtttagt ctgagcctgg agatgttcta 
1561 gacttgcttc tcccacctct gagattagga caggaaaaat gtgaaatttc ccaattacag 
1621 gattatacgg taccatcaca tcatttgtgg aaattggggt gactgtatag ctgggattgg 
1681 gctaaggact gtggtcttat ctgtccacat acagccaaaa tgcctatcca gaaatccagt 
1741 tcgttggaaa ggaaaattgg tactcctgtg ccacaggggt tccagaaaag ggaagtcact 
1801 ttaccttgcg gtggtgggat cctgatgtct ttcatccatt tgtagtaaaa gctggtaaag 
1861 cttttcttac tcctggttcc cfcaccagtat ttctaaacat gtcgcacttt ctccacaggc 
1921 atgtggtttt gacctfctttt tcaatcttct agaaagggaa cggaagcaga agtgggacat 
1981 cgagggctct gctgtcctct gcgctgggtg tggaatgctg ctgcacctgt cccttctgct 
2041 ggctcaggga agtgtcttct tgcccacatt tctgtgggga aaggttttta atcctctgat 
2101 gcttccatct tcctgtttag gccatgtgcc cagaaaccfcg gactgatctt tctttaatag 
2161 tgaacccctg ggccactgaa gagtaacatg gctccactgg acacaaaaga gggatggaat 
2221 caacaggcag ggggcctttt ataagcctta ggaaaagaaa atgaaactat ttcatctttg 
2281 gacttttcaa tactattgga gtgatttttt tctttctaaa cagggaaaat aatgttacaa 



SUBSTITUTE SHEET (RULE 26) 



WO 02/34910 



PCT/CA01/01521 



7/8 



2341 aagcatcttt tttgttattt gtttgcatcc ctcccccaca ccctggtgtt ttaaaatgaa 
2401 gaaaaaaaac catcaccttt tgtacaaaaa ctcttaatga ttaaaaaaca aaca 



SBQ ID NO;4 



Human CD-MPR 



1 mfpfyscwrt gllllllava vreswqteek 
61 estvgqgsdt yiyifrvcre agnhtsgagl 
121 iykggdeydn hcgkeqrrav vmiscnrhtl 
181 peishlsvgs illvtfaslv avywggfly 
241 dfvcrskprn vpaayrgvgd dqlgeeseer 



tcdlvgekgk esekelalvk rlkplfnksf 
vqinksngke twgrlneth ifngsnwiml 
adnfnpvsee rgkvqdcfyl femdsslacs 
qrlwgakgm eqfphlaf wq dlgnlvadgc 
ddhllpm 



SEQ ID NO: 5 



Human grB 
CDS: 34-777 
94-753: trypsin-like 

1 agcagctcca accagggcag ccttcctgag aagatgcaac caatcctgct fcctgctggcc 
61 ttcctccfcgc tgcccagggc agatgcaggg gagatcatcg ggggacatga ggccaagccc 
121 cactcccgcc cctacatggc fctafccttatg atctgggatc agaagfcctct gaagaggtgc 
181 ggtggcttcc tgatacgaga cgacttcgtg ctgacagctg ctcactgttg gggaagctcc 
241 ataaatgtca ccttgggggc ccacaatatc aaagaacagg agccgaccca gcagtttatc 
301 cctgtgaaaa gacccatccc ccatccagcc tataatccta agaacttcfcc caacgacatc 
361 atgctactgc agctggagag aaaggccaag cggaccagag ctgtgcagcc cctcaggcta 
421 cctagcaaca aggcccaggt gaagccaggg cagacatgca gbgtggccgg ctgggggcag 
481 acggcccccc tgggaaaaca ctcacacaca ctacaagagg tgaagatgac agtgcaggaa 
541 gatcgaaagt gcgaatctga cttacgccat tattacgaca gtaccattga gttgtgcgtg 
601 ggggacccag agattaaaaa gacttccttt aagggggact ctggaggccc tcttgtgtgt 
661 aacaaggtgg cccagggcat bgtctcctat ggacgaaaca atggcatgcc tccacgagcc 
721 tgcaccaaag tctcaagctt tgtacactgg ataaagaaaa ccatgaaacg ctactaacta 
781 caggaagcaa actaagcccc cgctgtaatg aaacaccttc tctggagcca agtccagatt 
841 tacactggga gaggtgccag caactgaata aatacctct 
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SKQ ID NO: 6 



Human grB 

MQPILIiI*IiAFLI*LPRADAGEIIGCT 

AHNIKEQEPTQQPIPVKRPIPHPAYNPKNFSNDIMIiLQIiERKAKRTRAV 

APLGKHSHTLQEVKKIVQEDRKCESDIiRHYYDSTIELCVGDP 

PPRACTKVSSFVHWIKKTMKRY 
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